DOCUMENT HESDHE 

ED 094 777 IB 000 978 



AOTHOR 
TITLE 

INSTITUTION 
PUB DATE 
NOTE 



Burns, Harris, Jr., Ed.; Esbin, John H., Ed. 
Computing and Colleges. Proceedings of a SIGUCC 
Symposium, June 21-22, 1973, Claremont Colleges. 
Claremont Oniv« Center, Calif. 
Jun 73 

56p. ; Some pages may reproduce poorly due to size of 
print and legibility of original document 



EDRS PRICE 
DESCRIPTORS 



HF-$0.75 HC-$3.15 PLUS POSTAGE 

♦Colleges; Computer Oriented Programs; *Comput6r 
Programs; Computers; *Computer Science ; *Computer 
Science Education ; Conference Reports ; *Higher 
Education; Symposia; Universities 



ABSTRACT 

At a symposium on computers and colleges, speakers 
addressed a variety of topics relating to the current status of 
computing, its effect on students, its academic implications, and its 
technical details. Small colleges and networks were the main foci for 
the first speakers. The role of amateurs and the variation of user 
services were also discussedc For the next three speakers the focus 
was on the future of computer science programs of California. Another 
three speakers discussed the academic future of computer science. The 
role of computers in teaching and learning, both now and in the 
future, was addressed by two participants. Fiiaally, the::e was a 
discussion of computer software for college administrative needs and 
some thoughts on how to make do with what one has. (WH) 
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WHAT IS THE STATUS OP THE SMALL COLLEGE COMPUTER CENTER 



SistJsr Mary K. Keller 
Clarke Colleq*? 
Dubuque, Iowa 



When we set up the Clarke Colleqe computer center in 1965, at a saall liberal arts college for 
women, w-s were considered ambitious, if riot ^ little extra vaga.nt, by other snail colleges of which 
Iowa has aore than average. Now, in the intervening years the picture has changed. Practically all 
collej^s large and snail hav-e acquirei .^oaa computr?r facility. Several in Iowa, like ourselves, 
have 'iT\ 11.10 syst*^*, and others who lived within the range of the Iowa City network hav^ a terminal 
connection to the University of Iowa's 360/65. Although I do not have a survey on every institution 
in lorfi, i^ is safe to say that nost of the state has some access to a computer by 1*^73. 

■>ur cwn ejuipaent includes the 1130 system with a disk drive, card reader and punch, paper tape 
rrador an .i a 600 ?.ine per ainute printer. The 1130 serves as a terminal to the University of Iowa's 
computer center. we have, in addition, an IHM 27ai terminal which uses the sane communication line 
for i::teractiv2 cooputing when we are not operating in the reaote batch node. Me own all the 
-.i ULpai -jn*- except the 27ui, torir keypunches, an i an ancient sorter. The decision to buy, in 1965, 
WIS d iirCicult one to aake, but ws have not regretted it. We would have paid out more than twice 
tfiM' c-i^t jver eight years and we still hive a viable ijystera capable of expansion. 

Mow ioe?. thi'^ configuration iD<=»et our ne^ds? We can state that without a doubt we have ample 
coaipa fivj ficilicy for our present design with sufficient flexibility open to us for future plans. 
tTt'3-^i;t iecign, which is also close to our original plan calis for a curriculum in the computer 
3cien::f.i .hich would provide protession^I train in.; for students who wished to pursue computer- 
r»'li*-ji cireers either imaediately ^fter coapletion of their first degree, or after graduate work in 
th--" fi-'ld, and secondly tc provide facilities ani progra:nminq support for all faculty and studtints 
for :>)*-h r*^:i€arch and ins*: ruction in any field* 

I w.-.iild like to point out imaediately that, given the present state of the art and current 
;ir..ictije in business and industry, the 1110, by itself, would not adequately support career 
-'iucitior is i<>scribfcd. However, thi anole facilities located at the University of Iowa to which we 
hiv^ Z'i :. jur i Jay access dc provide* for our professional needs at a cost that ^ie can afford. 
^it-hO!!^ ^he network, such facilities would not be possible. 

The 1 ■» ri facilities even have certain advantages attached to their remoteness. An increasing 
riiimber or industries, government, and research installations are Operating in this mode. For future 
111 O'lratroj-r r:5 and analysts ^ his environ m-i; nt is not unliKe the one in which they find themselves on 
'•r.rir rir-j*" -joD. On the other hmi small businesses rtr*> still divided between a limite(? in-house 
7iy.;to:i or a saall terminal to a large timesharing facility. We have something close to all these 
-tppro-ir^'- ; ind j^udents have an opportunity to experience them. They can come to appreciate the 
.id vant 1 vjt.'3 anl limitations of each, and most importantly, learn to work in several variations of 
:3yot'j:n.-; . 

<Jr«il -> we ar-:- addressing ourselves to the question of what kind of equipment will suipport what 
<inl oi <- >incaticn, I might remark iaaediately that there are vocational institutions which are well- 
••'i iipp-^ 1 tc provide a highly technical environment, much more so than liberal art3 colleges such as 
juLselvos* 'dhf don't we leave it to them? My answer to that is — we do. They train one type of 
person, we train another kind. Their graduates may be programmers, technicians, possibly business 
an^lyii^-o. Cur.3 become system designers, managers, and possibly innovators in computer applications. 
\n\ *-.;;osfr thit continue th-^ir education in the graduate schools have the preparation to do so. We 
{.'■^liovf the difference lies in a broader education. 

At Clarke there is no computer science major, only a joint major with some other field. My 
•<peri-^nc3 with the progress of our graduates over eight years leads me to continue to recommend 
thir. tippioach to other liberal arts colleges, and most especially to those that are small. How are 
yo'i ii.ffer'^nt what is special about your center? I am continually challenged. Now the popular 
dil jays that if you rank second customer- wise, you have to try harder; but when you rank 500th or 
w'>r;se trying won't do* You have to fill a special need. That special need, as I see it, is the 
iategr-ition of the computer sciences with other fields of knowledge In career preparation. The 
lirje universities could do this, but strangely enough, usually do not, and the technical, 
vocational institutions lack the capacity. That leaves us. At that point we can talk about trying 
harder. One way to do this is through a joint najor where the integration of two fields is 
carefully planned by means of personal contact with the student, their ft?.ture employers, field 
'experience as part of curriculum, and cooperative planning between college departments. He do this 
and it is within the reach of other small colleges. In fact, smallness facilitates some of this 
integration and helps to explain its absence in larger uni/ersi ties. 



BEST COPY AVAILABLE 



ERIC 



The second function of a coeputer center, and for soie saall colleqes the only one, is to 
providri an edacational tool tfhich is important both in ttethcds of instruction ariil in the experience 
of d liberally educated person. The presence of something called a coaputer center with some 
deJicated students singling with the rest, in itself contributes to this function, but does not 
support it entitely. Elaboration on the integration ct conputer usage in the curriculum would 
require: a separate paper. I will confin-s myself to a few pertinent remarks. 

»hen some limited conputer Cucilities becaae available on a wider scale in the late 60»s, for many 
teachers any sort of introduction tc the computer by way of an exercise or unit seemed to be an 
enhancement of a course. Sophistication did develop tho\igb its course has been slow. Computer for 
computer* 3 sak-d in any course has given way to many modes of instruction which might be classified 
as "computer-extended". A question could be raised as to the extent of its penetration into 
curricula, its real impact and ef f ecti.vQn,ess in American education in 1973. Perhaps we cannot know 
for d generation, and possibly the effects cannot be isolated. 

One of the problems which still limits effective and widespread use of the coaputer as an 
educational tool is obviously cost. For every Dartmouth with its proliferation of terminals (and 
expertise) there are hundreds of Clearblue y's lucky to have one terminal and one enthusiastic 
instructor. Hopefully this picture will change. In the meantime, with present resources all is not 
lost. 

ny strong recommendation given previously on the education of computer professionals in a 
liberal arts environment is possible with resources such as described for Clarke College. Even less 
in 'igulpi:5nt will enhance the education of students in other fields. To hi specific, any computer 
facility, however limited, can make instruction in d variety of fields more research-oriented. Even 
though an adequate number of interactive terminals way not be available to deliver the impact of 
instant r e-?nf orceme nt , batch mode is not .-ill that bad. In certain cases it has soie things to 
roccmajf:n i it. First of all, turnaround in a saall center may be less th-in a half hour. Our 
stauiari is ons class period. That is, the student may leave a deck at th»^ beqinning of a class 
uoriol and pick up the results 50 minutes later. Not instant, but certainly better feed-back than 
niost oth-^'r modes of instruction supply. Moreover, the ch.-ia pest storage for saall personal research 
files is a decK of cards. This is true at least in our environment. The card deck is a simple and 
easily ur: ierstood introduction to a lata file. There is a clear distinction -.'t^tween data and 
progra3\. Students guickly <3raduate t.o disk and magnetic tape files from this beginning with a 
better ap ur iscia t ion of the advantages of magnetic stora^je. 

In the batch mode approach the computer is more than a keyboard to the beginner. It is a 
syst»>m of. interesting components which they manipulate. Of course it is true that this concept ,is 
r.ot nec^^'ssary to tho use of the coiputer in most courses other than those in the computer scienc^js, 
nut iii the absence of multiple teroiinals it does supply some excitement, and is useful knowledge for 
citizens in general. At the same time the computer is still being used as a tool for research and 
problem solving in the general sense. The key to success here is not hardware but imaginative 
instructors. 

In conclusion, it would appear that we are going forward in the use of computers in 
ui: lergral ua t€ instruction, but at a rather slow pace. The concept is accepted even in most small 
collegt?s with limited resources. Th^ availability of expertise and hardware on the local level 
i-^t^rmine the aaount of integration in course work and the kind of computer sciences program which 
cin b- sitiportci. wider availability of these components is on the horizon, but if past history is 
u^.ed is a predictor, the horizon will be approach»^d very gradually. 
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HOW TO RUN A COMPUTER CENTER WITH AMATEURS 



Robert M. McCros)t-?y 

Mhitworth College 
Spokane, tfashinqton 



In trodu ct i on 

Whitworth College, a liberal arts college of 1300 stmlents, acquired its first on-site coaputer 
facility just about a year ago. Prior to that tine, we utilized various outside computers for both 
e.lucit lonal and administrative computing. A course in FORTRAN programaing war; first introduced in 
1968, with student programs bein^ transported across town to Gonzaga University for proc-^ssing on an 
IBM 1620. Ad'jini St ra ti ve data processing, consisting of a student accounts receivable system, a 
priaitive registration system and an equally primitive payroll systea, all card oriented, were then 
handled on college unit record equipment. 

Three years a»^o, we converted the a i ministr at i ve systems to computer operation, although still 
card oriented, and shipped data decks to Washington State fJniv^»rsity by bus for monthly processing. 

During the academic yeat 1971-1972, Whitworth became a participant in the Pacific Northwest 
Cooperative Coiputing Center Project headed by WSU. We acquired an IBM 1050 terminal for remote job 
entry and processing of student jobs, most of which were programmed in FORTRAN. Four faculty 
members attended suoDaer workshops in FORTRAN programming and introduced a number of cann-jd programs 
to students in their various disciplines. 

In spring of 1972, our college administration committed itself to the purchase on an on-site 

comput=;r facility. The main criteria, other than cost, used for cur selection of a particular 
hardware syst€a were: 

1. Enable us to program both educational and administrative applications in high lev*?l 
language suitable to relatively non-exnf»rt programmers. 

2. Provide for the support of up to lb terminals in a time-sharing environment. 

Our selection cDf the PDP-11 followed with delivery and testing last July. Our first fully 
computerized system, the student accounts r-?ceivahle systea, went on line last August. 



£2EEii^SE t|ar dw are 

The present hardware configuration of our computer system includes the following: 

1. PDP-11/20 processor with 28K words (56K bytes) of core memory. No floating-point 
hardware, but extended arithmetic element for fixed point operations on order. 

2. 256K word fixed head disk drive for systea software and storage. 

3. Three 1.2 million word cartrid-je disk drives for mass storage. 
U. Two dual DEC-tape drives for small file and program storage. 
5c 200 card/min Card Reader. 

6. 132 column Line Printer. 

7. Two VT05 CRT visual display terminals used mostly for CAT. 

8. Seven Model 33 Teletypes for general use. 

9. Port for remote job entry from off-campus low speed terminal. 



Comp \|tgr Software 
Supplied with our PDP-11 were two fundamental operating systems: 

1. RSTS-11 time-sharing system for support of up to 16 low speed terminals plus other 
peripherals utilizing the BASIC programming language. 

2. DOS disk operating systea, a single user systea utili.'.ing asseabler and FORTRAN compiler* 
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The BASIC language used as the tiae-sharing language is so versatile in its h&ndlinq of character as 
well nuaeric data and especially in its handling of file structures that we operate under BSTS-11 
ill the time for simultaneous processing of both adainistrative and educational applications* 
Various systei programs, all prograiaed in BASIC, are supplied for systeo ■anag«=iBent and coaputer 
usage accounting. The use of the high level language for all applications is a boon to the relative 
aaateurs running the computer center. Ny operations supervisor never sa^i the BASIC language until 
the arrival of cur coaputer* 



Coa pu te r Center prcj au at ion 
The line organization of the colleg*? with respect to conputing is as follows: 

1. The Vice President/Dean has basic authority over the computing function. in the year we 
have had the machine, he has hardly set foot in the computer center. 

2. The Adainistrative Assistant to the Dean acta as laison between the top adainistra tion and 
the center* 

3* The coaputer Services Coanitte^ deteifaines overall policy for the coaput«^r operation. The 
coaaittee includes the Administrative Assistant as unofficial chairman, coordinator of 
coaputer services (ayself) , supervisor ot operations, the chairman of th^ modern languages 
departaent who was most instruaental in obtaining the computer for Mhitworth, and the head 
librarian in whose building th^ computer center is located. The particular aake-up of the 
committee was determined by the college presiden*-.. 

u. The Coordinator of Computer services (myself) determines practical policy for the 
computing center, acts as system analyst, supervises administrative programming and 
functions a? head program:nr-r xll on 1/1 to \/2 of his official work load. He teaches the 
rest cf the time. 

5. The Supervisor of Operations supervise:j; iata collection and correction, supervises 
keypunching and machine operj-.ion, and act-j; head keypunch operator and head machine 
operator. 

6. Ther-i is one fulltime keypur;ch jperator/clerk and a student cierk 10 hours per week during 
the acddeaic year. 

7. Student programmers help with ^il a-iain istrative prograaaing. 



£2B£J4l^ AH£ii2^ii2Il§ ^ W hitworth 

Soae of the v-irious applications implemented on cur computer during the past year are the 
fol lovinq : 

1, Use cf the computer for general problem solving in various disciplines available to all 
students who learn some BASIC prograaning. 

i. Comput'ir Assisted Instruction (CAI) iaplemented by several instructors and described more 
coapletely m another section of this paper. 

1. Student accounts receivable and general students records systens irplemented during the 
first year of operation. Other adainist rati ve systems such as college development gift 
records, alumni records, admission records, etc, ire being programmed this summer* 

4. Elementary computer fundamentals introduced through computer science cours'=»s. 



SSSEil^SE Science instruction 

At Whitwopth ve are not trying to compete with the university computer science programs. 
Rather, we are providing basic instruction in computer fundamentals and programming to enable the 
student to use the computer for problea solving in his chosen discipline or move easily into a 
computer science program upon graduation or transfer to a university. At present we are offering 
the following courses: 

1. Introduction to Coaputiug (BASIC language) 

2. Coaputer Processing in the Sciences 

3. Ccaputing in the Huaanities 

U. Introduction to coaputer Organization and Data Structures 
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Exposure for a selected few students to advanced topics in computing is hanlled through 
independent study. It is our hope that the coaputer will be lore and more utilized by aany 
disciplines and that computer instruction will not be left to the so-called computer specialists. 



CpB£Uter Bdsei Iristruction at Whituorth 



While the typical approach to computer assisved instruction (CAI) is to develop software 
capability to ipproxisidte as nearly as possible the intelligence and flexibility of a living 
instructor, the philosophy of the tfhitworth CKl systesi has been ouch less ambitious, 1g3s costly and 
better able tc ieet specific needs. The critical portion of our procedure has been for the area 
specialist (the instructor) to determine which aspects of his instruction are already mechanical or 
routine in current classroon practice. The logical tactic, therefore, is to make that portion of 
the instrnctor'^s effort more widely accessible to his own students and interested outsii^rs. 

»e set as our first priority the development of an author language whereby area specialists 
theaselVriS might implement original curricular material without they themselves being programmers. 
That pac^:ace, developed by Dr. Ron Turner, known -=js fclHITCATS ("Whitworth Computer Assisted Tutorial 
System") is currently being tised in the areas of library orientation and research tpchniques, 
English literature, church history and philosophy, general study and test-taking skills and foreign 
languaqes. 

In the first-year Spanish course, the CAI material constituted the entire written exercise 
aaterial. Written evaluations by participating students were highly favorable. In addition to the 
coursewriter language, specific programs, all written in EASIC, are used constantly by foreign 
language students for drill and tutorial work utilizin-j the special graphics capabilities of the CRT 
terminals. 

Although we plan to implenient a record-keeping facility for true instructional and test- 
gonerarion capabilities, we intend always to keep the lesson prograniming simple as possible and 
within the grasp of the area specialist. 

Our next significant software dev.3lopinent will be a graphics package to offer a variety cf text 
formats and illustrative capabilities to many areas of the college curriculum. 



The BASIC language has been utiliz*?.l to implement several administrative file structures on 2. U 
million character disk cartridges. Virl'ual core storage i>; used to define data in lists and tables 
on the lisk. Thus, a prototype file structure will consist of three basic files (1) a KEY file 
which contains all ID numbers of persons ictive in the file, (2) a DATA file which contains an 
alphameric record for each person in the file, and (}} a LINK file which contains linkage between 
KEY and DATA files for each person in the file. 

Descriptions of files are handled easily in a program ty means of OPEff and Dinension statements 
in the following manner: 



10 OPEN "FILE. KEY" AS FILE 1 
20 OPEN "FILE.LNK" AS FILE 2 
<0 OPEN "7ILE.DAT" AS PILE 3 
UO DIH i1, K(3000) 
50 DIN »2, LX (300C) 
60 DIN #3, A$ (3000) =256 



File "FILE. KEY" contains a list of no more than 3000 floating-point values (ID numbet's) . File 
"FILE.LNK" contains a list of no more than 3000 integer values (links). Pile "PILE. DAT" contains a 
list of nc more than 3000 character strings (data records) each of which is exactly 2S6 characters 
long. To access a particular data record requires the position of the ID number in the list of 
"FILE. KEY" and the link in the same position of list of "FILE.LNK". The appropriate data record in 
th-? list of "FILE. DAT" is assigned to a string variable. Example: B$=A $ (L* (I X) ) where IX gives the 
position in the key file. Many programs, each under 8K words in length, are used to create, delete, 
maintain, and report frcm file records, all programmed in the high level BASIC language. Included 
is a sample program which prints out a summary listing from a student records file structure: 



iislnistrative AEplicit ions 
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1000 REM ** IHACTIVB PILE LISTING PROGRAM 

1002 PRINT »«INACTIVE PILE LISTING PROGRAM" 

lOOU INPUT "WHAT DISK ARE YoU USING" ; H$ 

1010 OPEN N$*«STUDDn. KE Y« AS FILE 7 

1020 OPEN N$*«.5TUDD1I, LNK» AS PILE 8 

1030 OPEN N$*«STUDDn,DAT' AS FILE 9 

lOUO DIM 17, K(20000) 

1050 DIM »8, I.X<20000)^ PX(10) 

1060 DIM *9, A$ (20000) =6U 

1070 P1%=P% -1% 

1080 OL^EN AS PILE 6 

1100 K%=80% : P$=«l.»t itti* tl,»| t»«t.##i 

11.10 GOSUB 2010 

1120 FOR IX=1« to P1X 

1130 B$=A$(LX(IX)) 

1150 CS=LBPT (B$,5%) • ♦MID (B$, 6% , 25^) ♦ • • 

1160 C$=C$*MID {B$,31%,3%) • ♦HID ( B$ ,3UX , 2X ) ♦ • • 

1170 C$=C$»MID (B$,36%, 1%) id < B$ , 37%, 1% ) ♦ • • 

1180 B1=CVT$X(HID(B$, 4255, 25)5 : B1 = B1/100 

1190 B2«CVTS5l (MID (B$,UUX,2%)) : B2-B2/100 

1200 B3=CVT$H (»ID(B$, 461,215)) ; B3 = B3/100 

1210 B4=CVT$X (MID(B$,U8X,2X)) : BU=3U/100 

1220 PRINT 16, C$; 

1230 PRINT 16^ USING FS, B1, B2, P3, BU 
12U0 GOSUG 2010 
1250 NEXT 1% 
1260 GOTO 3CC0 

2000 REM ** PA5E HEADING ROUTINE 
2010 KX=KJ5*115 

2020 IF KX<60X THEN RETURN 

2030 PRINT 16, CHHf (12%) ;DATES(0X) ; SPACES ( 10) ; 

20UO PRINT #6, VSTUDENT PROFILE INACTIVE FILE LISTING'; 

2050 P%=P«*11 

2055 PRINT 16, SPACES(IO) ; 

2060 PRINT 16, CSING 'PAGE •#••, V%: PRINT »6 

2062 PRINT «6, SPACES (44%); 'GPA ATT PASS GP«:PBINT»6 

2065 K%=UX 

2070 RETURN 

3000 REM ** EOJ 

3010 CKISE 6,7, 8,9 

3020 END 



Br Ob leas in CoE^uter Center Oper at ion 

Naturally, ve hare encountered our share of problems in the operation of our conputer center. 
Some of these are: 

1« A lack of understanding aad even an unwillingness to understand overall personnel and 
programinin J needs of the center. 

2, Inaccuracy of source data supplied by other departments for administrative applications 
and even an unwillingness on the part of some to be responsible for the accuracy of data, 

3, Lacic of sufficient personnel to handle the increasing operation and programing load of 
the center. Coordinator becomes supervisor, supervisor becomes operator, etc. 

Difficulty in meeting deadlines imposed by ethers desiring service from the center. 
Expectation on the part of some for •'instant" service, 

5, Difficulty in getting other departments to analyze their operations and communicate their 
needs effectively, 

6, Laclc cf support for the concept of a computer on campus by those, faculty and student, who 
consider it a threat or a menace. 
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NETWORKS IN HASHINGTOH STATE 



Wiliidi E* Halden 
Washington State University 
Pullnan, rfashinqton 



■Ehe title of this section of the prograa is entitled Where He Now. I noticed that in 

earlier presentations there is Apparently considerable acceptatice of^the idea~hat the stall college 
can use networks to obtain its conputer services* Perhaps I can say then that is where ve are now* 
I recall that in 1967 I, like others, was concerned that students in saall public and private 
colleges in Washington did not have access to the kinds of coiputer services available to university 
students. I visited several snail colleges in the State of Washington and sugg€sted the possiblity 
that they cculd obtain services via remote teriinal from Washington State University. The response, 
with the exception of two institutions, vas not at all enthusiastic, and in fact quite negative in 
raost cases. How, today, there are twenty-three institutions acquiring services reaotely froB 
Mashington Stats University. Today I aa going to present my view of networking in Washington as of 
now. 



During the past two years I have been involved in two projects that are having an influence on 
networking in the State of Washington, one is a rather extensive network study sponsorcji by Higher 
Education, and the other is an existing network with central computing facilities at Washington. 
State University. • This report briefly describes these efforts and discusses various resulting 
cone Visions. 

In flay 1972, Presidents froi the four state colleges and the two universities, together with 
the CoBiunity College Board, authorized the joint expenditure of funds to conduct a network study to 
determine the feasibility of an educational network in the State of Washington. As a part of the 
study, three knowledgeable consultants visited the State of Washington and helped relate our 
situation to other states and networks. Staff, hired for the study, visited fourteen networks 
throughout the United states. Through reports and/or discussions with individuals, aany other 
networks were studied by staff aeabers. Thus, in one way or another, 29 existing or proposed 
networks were axamineil. Those exaained included statewide educational systems such <?.s the Georgia 
University Systea Network, included consortiuas such as the Associated Colleges or CrJ-rtral Kansas, 
included singl-e universities with branch campuses such as Pennsylvania State Uni vers:.** y, included 
universities that have simply extended their services to ether institutions such a.^ *:h*:j University 
of Ijwa, included the universities that have coabined to fora non-profit corporat ; such as the 

Triangle Universities Coaputing Center, included profit aaking corporation" totally owned by 
universities such as thc-^CKI Corporation, and included existing and proposed national networks such 
as ARPA and the Natji^hal Education Computing Service. The staff also tried to develop a coaplete 
bibliography on networks and attempted to review and suaaarize every publication in the 
bibliography. These re*irfews do not appear in the Network Study Report but were available to all 
individuals invclved in the study. 

The coaaittee responsible for the study aade the following recoaaendat ions, precisely quoted: 

1. We suggest that the -Council of Presidents exaaine major questions of educational 
philosophy brought about by plans to share educational facilities (aqreements on priority, 
contribution, organisation, control, budgeting) . 

2. The Council of Presidents should continue the existing Network Coaaittee to review 
progress toward resource sharing. This ccaaittee should aake recoaaenda tions for further 
iapleaent at ion at an appropriate tiie. This ccaaittee should prepare forecasts of 
requireaents and necessary resources to fund meeting those reguireaents on shared 
facilities. 

3. Whenever computing requirements exist beyond the caapus capability, the Comaunity Colleges 
should utilize, via terainals, a University, State or Comaunity College computing facility 
for a^zadeaic and administrative ccaputing. 

t*. Every state college and university should be provided with suppleaental funding to 
install, and use, a Card Reader/Printer Terminal or equivalent capability which can be 
used to access available resources. 

5. Each School District and High School should be encouraqed to use the terainal facilities 
at the institutions of Higher Education. 

As a result of this study I have reached soae conclusions which I want to present here. I 
eaphasize the fact that these are ay conclusions and not necessarily the conclusions of the entire 
group that worked on the Network Study Report, although this group agreed on aany of the stateaents 
which do appear here. Soae of the conclusions aay appes^r to be so obvious that they do not need 
repeating. However, I have concluded that many unusual stateaents about networks have been aade in 
the past, so perhaps soae of the conclusions are not so obvious. The conclusions are: 
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1. 



Adiin istr at ive and acadeiic computing services can, and are being proviiei via remote 
terainals froi distant central facilities. 



2. Greatest network success occurs when a well-ianaged , existing center is expanded. 

3. The lost substantial savings are in the avoidd.ice of duplication of progrdms and syst^as. 
a. CoBiunications problems can be satisfactorily solved for networks. 

5. A large, central computer provides a variety of services not possibl-3 on snaller 
coipaters. 

6. Thers are several successful networks in the United States, and several unsuccessful ones. 

7. Technical problems are usually due to poor planning and can be solved, 

8. Host failures of networks are related to poor planning and iojproper lanagenent rather than 
organization or location. 

9. There aust be cooperat>ipn either through incentives or strong central control in order to 
have a tunctioning network.! 

Another project which is influencing discussions of networking in the State of Wvishington is d 
network with central facilities at the 'Washington Stat*^ University Computing Center. This network 
received supplemental funding froa a Sitional Science Foundation grant in 1971. The purpose of the 
grant was to provide faculty training in the use of computers but in so doing some funds were 
provided to €ach user institution for equipment an.l computer usag^:?. There were 11 institutions tied 
into the Washington state University facilities as a result of this initial grant. However, the 
network has now grown to 23 institutions of various kinds. The network is primarily serving 
W'ashinaton institutions although there are three out-of-state institutions participating* 

Distances of user insSiit utions froa Washington State University vary consid»?ra bly . The ainimun 
distance is 2 miles for Pullffan High School and th^ maximum distance is 280 miles for Ev€rgr«5en 
State College, The number of schools associated with c- ".lin distances is: 

less than .^0 liL^s 2 

"SO Tiiles 3 

100 nil'^s 1 

200 !Bil ^s 1 3 

30v> jiljs 23 

Types of services provided in the network ace: 

1. Interactive languages including CPS PL/1, CPS BASIC, Computer Assisted Instruction, and an 
Abstract Retrieval System. 

2. High-speed remote job entry with ava ila^iility to all batch resources. 

3. Low-speed remote job entry with availability to all batch rasources. 

In the network, terminals ueing use 1 for low-speed remote job er.try are the IBM 1050, IB« 27a 1 
compatible terminals, and Model 3 3 teletype compatible terminals or displays. Terminals in the 
network which are being used for high-speed remote job entry are IBM 2780 compatible terminals 
together with the following computers: IBM 1130, IBM Systei 3, UNIVAC 9200, Systems Engineering 
Laboratory 810-B, Raytheon 70U. 

The network centered at Washington State University has turned out to be an -experimental 
laboratory for the State of Washington. This is by virtue of the fact that many different kinds of 
institutions are being served, ™any different kinls of i;ervices are being offered, and the services 
are beinq utilize! for various types of processing. Private education, public education, and 
jovernment ag^incies are represented emouq the us^r institutions in the network. High Schools, two- 
year colleges, four-year colleges, and extonsior ceiiters are included in th'ise user institutions. 
Some institutions do all of their ac5idemic processing via remote terminal. One institution does all 
of its ad mi nistcati ve processing remotely. Host of the user institutions are using the network for 
some of their academic processing. 

So Car the workload from institutions other than Washington State Univors/ty can be 
characterized as many jobs with lew CPU requirements; that is, student type jobs rather than 
research. This is reflected in the fact that the average cost of usage by institutions external to 
WSU is $8,000 per month whereas the WSU usage was $87,500 per month, Yet the average number of jobs 
for external institutions was 5,000 per month while the average number of Washington State 
University jobs was 21,000 p«r month. 

Sow ray conclusions based on the network with central facilities at Washington State University 
are given : 



to 



1. A caapus can do all of its acadeaic and adoinistratlve covpijtlng via reaote teralnals to a 
central facility. 

2. A saall college should use an educational facility rdther than a coamercial or state 
agency facility. 

3. Th«re has been a considerable interest in compilers, programs, and systems which cannot be 
run on a. saall cosputer. 

u. Training of faculty has been most successful on those campuses which have af least one 
person with cciputing responsibility. 

5. Technical problems can be, and have been solved by Washington State University staff. 

6. The central facility must have staff dedicated to assisting other campuses in solving 
technical problems. 

7. The network'. Bakes transfer of students iiore easily accomplished. 

fi. The network can be set up so that the c-antral campus is not a favored customer. 

9. Such a network greatly increas-^s faculty interchange anc^. sharing between campuses. 

In summary, it would appear that the acquisition of computing services via remote t-5rminal is a 
feasible alternative for colleges as of now. The college which is considering such an approach 
shoull thocouqhly investigate the central facility from which services would bf; obtained. It should 
be well managei, have a long history of operation, experience wita terminal service, and preferably 
be an eiucation based center. Also, staff should be available to assist remote institutions with 
problems related to use of the central facilities. If this alternative is selected, then the 
college should have one person responsible for use of the terminal, just as th-^y would have a person 
roEponsib le for a stand-alone computing facility. 
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USER SERVICES - THE STATE Of THE ART AND ITS I HPLICATIOMS fOB SHALL COLLEGE COMPUTING CENTERS 



Susan Kolasa 
Stanford University 
Stanford, California 



In April of this year it «as ay privilege to chair a national conference on User Services in 
University Computing Centers sponsored by SIGUCC^ 

The steering coaiittee planned technical sessions which we hoped spanned the activities and 
interests of those involved in this specialty. Included were two sessions designed to appeal to 
snail college representatives — "Special Probleis of S»all Colleges" and "User Servic<=»s in the 
Network E nvircnaent 

This conference was the first such undertaking and we vere not sore of its reception. For 
planning purposes I estimated 50 attendees, 200 people registered fro» all parts of the country 
including Puerto Rico, and several trom Canada. Attendance at the closing session was as «i-reat as 
at the first. There were even "birds of a feather" ad hoc get togethers scheduled by atterdees in 
the evening. 

Such interest and concern with the user interface has not always been the case, 'The cocputiug 
center of the liit 'eO's when I entered User Services, though already a service facility, had a vastly 
different level of concern for its users. 

The user located the resource person, usually a systems progtatter at his (the progr a»«er «s) 
convenience. This was noraally between 10 p,a, aud 2 a,n, in the aiachine area where the prograamer, 
his peers, friends and occasionally supervisor, were occupied with hands on nachine tine, studying 
listings cr conversing in jargon which night or night not have been business related. Central to 
th^ scene were one or more nachines blinking lights, clattering messages, spewing paper. It or they 
appe^rtrd in conaand. The prograaaer was usually tired, harassed, unk^»kpt ind needing »»j'ist one more 
run" . 

The user who could get attention did so by waiting until it was convenient ft;r the prograaaer 
to break cff his other activity. He kept attention by having an interesting probiea — fron a 
system, not the application point of view. If h'=» had found a genuiri-^ bug or was trying soae 
interesting technique, or was noisy enough about seeing he got help with his probiea, he would be 
assisted. He aight get instant satisfaction or a firm proaisf, rarely noted in a log, to fix the 
error. Otherwise he was shortly aware that his probiea was too trivial to bother th« prograiiB»*r who 
would return to his interrupted task, soaetiaies after renirking audibly upon the level of the user's 
competence. 

But faculty have a way of coaaunica ting effectively, and soon there would be a new service 
announced — User Consultants, I can still see an eaployaent notice, "Must know FQRTRAM, U 
consecutive hours ainiaua a week, $1.50 an hour," what the ad didn't say was that those hours would 
be spent in an underven t ila ted classroom refitted with keypunches, interpreters and sorters, tables 
for user set-ups and a place to gueue up for the consultant. It also failed, to aention that the 
consultant would be asked questions on plotting, assemblar, JCL, utility programs \s well as 
FORTRAN. What the users didn't realize, at least initially, was that the consultants, all busy 
undergraduates, did their best for the •>hift and then -lisappeared from the center. They were 
loosely coordinated by a supervisor who could never find a time when all could atteni a aeeting. 
Thus notice of changes in the systea or policy rarely reached thea ahead of the users, and the 
quality of their advice suffered accordingly. Since turn-around time was slow, a probiea answered 
by the consultant would net be tested until he was off duty. His replacement fre^iuoatly had 
coaflictinq ansvers to give and the user, as they used to say in Victorian novels, "retired in 
confusion ", 

Me have coae a long way in these few intervening years as witness the User services Conference. 
The most iraaatic deaonst ra tion was a slide presentation by Dr. Ronald Rutledge, Director of 
Carneg ie- Mellon University's center. He showed the group pictures of a bright, carpeted user area 
which is connected by closed circuit TV and 2'~'tfay audio coaaunica ticn to the aachine rooa 24 hours a 
day. A user could hold a listing up to the caaera and be advised of his error by the system 
personnel. He soaetiaes received help before he knew he needed it. The aonitcrs over the user 
operated card readers would detect an iaproper approach to using the device. Out of the ceiling 
would come a voice, "Please turn the cards over before inserting thea"* Ron said this could be 
quite a shaking experience the first time. 

We heard presentations that indicated the state of the art in face to face consulting, Whether 
by graduate student consultants, e,g. University of Hichigan, or full tiae eaployees with a range of 
degrees through Ph,D. across a spectrua of user specialties, e,g, Stanford, tho consultants are 
finely screened £or coapetence before hiring, are trained further on the job and are taught to say, 
"I don*t know, but I'll find out", when the situation requires it. 
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User education is no longer a grapevine or inner circle exchange of information, but a na jor 
part of user services' function. As Bruce Leni, Manager of Dser Services at Stanford and cbairian 
of this panel pointed out, education is offered in several ways. Xoraaliy one thinks of this in 
tere's of course offerings. Many centers do provide short (2-12} session courses in thr? languages 
and systems available at or through their installation. Other ferns of education include s^iinars 
for special interest groups, e.g. social scientists. These serve two worthwhile *»nds. First, they 
relate infomation which is specific to the needs of a discrete group; second, th^y can be an 
♦»xc'3llent larketing tool. This is equally as valuable to i department wishing to deionstrate its 
need for a private terminal or special software package as to the center interested in increasing 
usage. 

Documentation, the topic of another session, also fills an educational need. We founi that 
good documentation in the form of updated user manuals, newsletters, vendor and installation 
prepared tutorial and reference materials is generally available. Increasingly some or all 
installation documentation is being kept on line in user accessible files. Further documents such 
as newsletters are frequently exchanged aaon.^ installations so qood ideas are picked up and 
inplemented across the country. 

other functions discussed included: input/output methods, user accounting, and -iGrsonnel 
selection. A growing number of installations feature user operated card re^dco z^.'^ pcinters to 
minimize turn-around and staff handling. 

User accounting is generally quite sophisticated and detailed, tilling thp user his costs per 
job and in some institutions summarized for him daily. Management reports on unit costs are also 
generated foe the installation directorate so that accurate internal accounting can result in 
accurate cost recovery procedures. 

Again, generally the center sees the user as a paying customer whose dollars are allocated by 
sources external to the center itself. Gone are those harrowing days ot a center user services 
manager or director faced with allocating resources between two researchers or insiructors each with 
thfc same deadline and a valid utilization. Now u:?ers may buy priorities in addition to other 
ser vices. 

Personnel selection and training was a workshop session chaired by Dr. Ted Willou^hby of P«nn 
State University, it was designed to get us all thinking about how to properly evaluate perfcrmance 
and initial selection criteria. A three step procedure was suggested. First, try to describe some 
specific behaviors which argue for effective, ineffective, or moderate performance of the employee. 
Second, cluster analysis behavior into neanin;ful clusters. Third, assign scores to behaviors. 

A3 I mentioned at the outset, two sessions, networks and special problems of small colleges 
were particularly directed to the small to mid-sized installations. 

Dr. Fred Weingarten reminded us that small colleges are largely undergraduate, usually 
privately run, have no more than a few thousand students, and are teaching rather than research 
oriented. 

This and the network session provided a picture of the types of computing alternative 
approaches utilized a) stand-alone c^nters-^ b) consortia, c) terminal or couriered service from a 
lAZ^-^r central site. 

In €ach case, implicitely if not explicitely, the bulk of the user interface is provided by on 
site staff. Last year's conference in Atlanta reported that a small installation may operate on a 
budget of $20,000 to $25,000^ and that a medium sized budget tops out at $500,000 for all center 
expenses* The large installations on the other hand, may 3pend up to $200,000 or more on user 
services alone. 

In the smallest installation tho entire center staff may be one 1/2 time faculty member. The 
large installation may have 10 or more full time professionals in user services. 

OvA' can, of course, argue the distinctions. ^A J.arge unit may serve 5,000 or more local users 
and a n^itwock ot remote users from oth^ir educatiotvftl Inst itutinns* There is usually a heavy 
research population requiring a wide range of sophisticated service and at the same time a high 
utilization by undergraduates locally and remotely for HATFIV, etc., as opposed to the small college 
needs previously described. 

However, on balance, economies of. scale clearly favor the large centers. Their resear<:h users 
are frequently very knowledgeable or have programmers on their own staff. Similarly many class 
users are from engineering, math or computer science computer oriented disciplines. Lastly, 
there ate staff members available to specialize in skills tc aid less typical applications, e.g. 
social sciences, humanities. 

In contrast the 1/2 time faculty member must be all talents to all users. He must be 
consulting, education, specific application documentor, hand holder and salesman in addition to the 
other functions of director, emergency maintenance, operations and accounting. 
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The director or coordinator can react in one of three ways to this assignient. He can let the 
users fend for the»selires as he attends to ether priorities, he can try to do everything his various 
"hats" entail alone, or he can be inventive, ^ccoaplishing the tasks without raining his own health. 

The lost successful people, of course, are those in this last category. The tips they passed 
on at our conference and through my observation ot their activity ar-? straightforward and effective, 

!• Utilize your vendors. They can put you and your faculty in touch with faculty at other 
installations doing siillar projects thus creating user self reliance. They can give 
seminars and courses tor you. This is tru-i of hardware ani software suppliers of an 
inhouse installation and of the source of reiote computing service. The point to bear in 
■ ind is that your satisfaciton with th^^ti is a vital ingredient of their business success. 

2. Involve people in the user coioiunity in helping provide service to others. A very clever 
idea — which actually caie froa UCLA which is not a siall installation, is to encourage a 
student coiputer club. Provide its officers with N hours of coaputer tiae in exchange for 
consulting or teaching programaing courses. Insure your satisfaction by requiring a 
stated level cf perforaanc^ for th^ coiputing tiae, and place the burden of quality 
control on the officers. 

3. Encourage other fdculty to serve as the focal point in their departments for discipline 
oriented coaputer services^ 

4. Keep in touch with peers throujh newsletter exchange and aeetings such as this one to 
learn new ideas and techniques. 

5. Keep your sense of huaor. 

In suoaary, User Services has developed over a short span of time into a highly professional 
coaputing specialty. It has become a necessary ingredient cf every educational service facility's 
staff regardless of size of t^ie facility or source of it-3 coBputimj power. Whether perforaed by a 
discrete staff cr as part of one person's total responsibilities, it is a vital link between the 
center and its users. 
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SECTION II 



WHERE ARE OUR STUDENTS GOING? 



76" 



WHEHE AHE OUB STUDEliTS GOING? 



Joyce Currif Little 
Coiiunity colleqfi of Baltimore 
Baltimore, Maryland 



Intro luct ion 

In any discussion concerning an educational endeavor, it is custcmary to define th'3 objectives 
of that endeavor* After acknowledging whether or net the objectives have b'-?en fully aet, it is 
hoped that we are able to find out why they have not been aet , and deteriine what we can do to 
improve the situation. Proa the congloa^ration of proqraas offered currently by two-year cclleges 
ranging froi key-punch training, operator training, data processing — both busin^^ss and scientific 
options, and computer science, I'd like to center my remarks abcut only those students who enter the 
^ila ££2cessin2 curriculum. The objective ot this prograa is to train afiHli-cations nroaraaaers, in 
either a business or scientific option, but with the overwhelBing majority in""th^ business cption, 
planning to beccae coanercial applications pro ^rar^aers. 

In one fifteen ainute talk, I do not intend to att-^apt to cover any topic other than that — 
for aore information on what we teach, who we got as students, where we get teachers, what equipment 
we have, what our curriculua is like, whit problea sets we've develop<^d, what t«^xtbooks we use, what 
service courses we- have, what articulation probleas we've had with other colleges please feel 

free to contact ae later. Or perhaps you^d like to join the two-year college people presently 
joining ACrt's special Interest Group in Computer Science Education, or the Association for 
Educational Data Systems (AEDS), Neither will I attempt to discuss where students in our service 
courses are going, even though there havt? been aaiiy in;;iinces of these graduates entering the 
computer professions. 



Where Do Ou^_Student ago? 

Believe it or not, scae of the graduates actually b^gin as ptogramaers, even though nost must 
undergo a trainic^ course, whether they need it or not. -others, for a variety ot reasons, fail to 
get programmer jobs, but find entry- level work as ccmpii^or operators, Many dcop-outs also find good 
jobs -- some as operators, some even as prograinmer-tr-* :rio*> . 

Some graduates go into ncn-computer nyo^. of work, such as real estate, construction, 
insurance, or accounting. Almost uOX of ovjr graduates go on to take more cour^ses, often toward a 
four-year degree. Most, however, gc on in evening j^chcol rather than day school, wnile working 
full-time in data processing, Ho.st of those who go on to school major in Data Management, Business 
Administration, Business Data Processing, or Information Systems Management. None have yet gone 
into the U-year Computer Science prograa; although a few have had sufficient background for 
admittance, there has not bfesn a prograa of that type near us, 

Some female graduates get married, have children, and do net work in the computer .^ield at all; 
a few others in that situation work part-time as programmer-analysts. Very few graduates leave the 
url an/s uburtan area, other than those several who choose to work for the U.S. Air Porce, in data 
processing. One student has gone to Israel to look for work; one other took a job in Washington, 
0,C.: another one took a job in New Jersey. 

Many students taking jobs as operators are with bank*^, or small companies, but aost of these are 
with U.S. governaent service, with the Social Security Administration (SSA) . Arrangeaents were aade 
by our college for sumaer work for students between their freshman/sophomore years; in later years, 
SJA ^?xtend<=d this policy to include comnanity colleges in Baltimore County as well. Hany students 
return to these jobs after graduatio.j, even though they could in many cases get into programming 
sooner elsewhere. 

Graduates in the scientific option^ or those with more mathematics or electronics electives, go 
into data analysis of a statistical nature, in research centers at universities or medical schools. 
Others go intc process ccnvrol work with engineering companies* A small number of graduates have 
become assistant instructors, forking as laboratory assistants in community colleges. 



WjiAt_Tgpgs,0f_CQmpanie5_Hire Them |s Prpgr amjg gs? 

Graduates with the Associate in Arts degree in Business Data Processing are hired as 
programmers by a variety cf companies. More than half the graduates who start as programmers are in 

banks, savings and loan companies, financial or insurance companies, service bureaus, and data 

processing departments for city afid state agencies. Many others go into computer center work in 

educational institutions or hospitals. A few go to one of the several large nationwide network 

facilities; a small number — the more mature and more versatile — go into programmer/analyst 

positions with small local companies. 
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Mfaat_Is_The_Cai:eei: Pa^ th Of. The, Graduates? 



Most of those taking jobs as operators progress in one or two years to the programming staff; 
operators with the federal governient, however, take as aany as 3 or U years, soaetiies longer, to 
progress that far. Those who started as prograiaer trainees becone procjramners rapidly — usually 
in less than 3 months. Those in large coipanies tend to specialize — on^ scudeiit is doing in-house 
training, one is doing software development, one is in systens analysis for new cn-line 
applications. Those in siall companies tend to be doing everything, and can progress in 3 to 5 
years to lanagerships. Several who started as prograaier in educational institutions are now 
performing special computer services for top executives or administrators, others have developed 
interest and expertise in systems programming, doing development ot job control accounting systems, 
data base development, and operating systems design. 

The fairly rapid advancement of these graduates opens the doer to another graduate to replace 
him* Therefore, jobs are not only available in those areas of new applications, in those companies 
just beginning to convert to computer usage, in companies expanding their ccmputer applicaticns but 
from the turnover created by the movement up the career path ladder. 



!• The business community is not even yet fully aware of ?>he value of the data processing 
graduate. After an initial good experience with a student, a company will often call to 
request applicants for their next job opening. Most companies, however, still require a 
training* program of all entering programmers — not just training to acquaint the student 
with the methods and procedures in use there that may be unique to that conpnay, but a 
full-fledged in-hcuse training prograi iron scratch, starting with what the holes mean in 
the cardsJ Graduates would, of course, prefer to take their expertise to a compnay ready 
tc recognize his background and build upon it, rather than to repeat part of this 
training. 

2* Some companies hope to maximize their chance of getting a ••good*' product by hiring a four 
year college graduate, no matter what their Bajor, and training him themselves, rather 
than take a chance on hiring a two year college graduate. 

3. Many companies require experience, no matter what kind. Programming graduates who have 
bagged groceries over their two year college career have an advantage over those whc have 
never been employed. 

t*. The custom of civil service hiring for government employment encourages promotion from 
within; graduates of 2 year colleges in our area must start as peripheral equipment 
operators, progress to console operators, then apply for programmer training class, hoping 
to be selected; they then have little difficulty excelling over other trainees %ho have 
often had nc former training in programming languages. In spite of this difficulty, 
students go eagerly into civil service work — not only is the pay for these entry level 
jobs good, but the work is easy, the environment is pleasant, the job is relatively 
secure, and there is that opportunity, albeit time-consuming, for advancement. 

5. Graduates often lack other attributes felt necessary for the job; for example: many score 
low oa vocabulary exams; many lack the maturity necessary for the job; many make a poor 
iuprassion during an interview. Others have little regard for the demands of the business 
world toward mode of dress or appearance. Students have been known to refuse a jab rather 
than abandon their poncho and beard! ^ 

6. Personnel men for some companies have notoriously little expertise in evaluating the 
qualifications of applicants in the computer field. They have been known to allow, their 
limited knowledge often evident in their use of certain trite phrases — to sway them 
against a community college applicant. kn example is: illthough you had COBOL on a large 
3rd generation ONIVAC system, we are looking for someone who has used COBOL on a system 
exactly like the one we have. Another: Your transcript says you had work in punch card 
systems; we use magnetic tape systems. And y^t another: Tour hands-on experience was a 
2nd generation computer; we want someone who has had hands-on work with a 3rd generation 
computer. Unfortunately, before an interview can be set up with those persons in data 
processing departments who know better, the student must somehow get through the personnel 
officer. 



1. Acquaint community businesses and Institutions with curriculum, student populations, 
equipient, etc. 

2. Choose advisory board members from the variety of businesses you hope students will serve. 



&i>ai^lgJgentg_5tjAients_ProB_Getting_Better .yob Opp ortunities? 



Hgy.ggp- Wg Im^ggve Qqal ltv O f^ Ai^d Placement ?o t» O ur Studeg^ts? 
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3. 



Encourage iiproveaent of curriculua and faculty to keep applications and techniques taught 
up to date* 



U. Wcrk toward better articulation with the four year colleges to facilitate easy transfer of 
courses. 

S» Encourage soie selection of the students applying to enter your orograa by attenpting to 
acquaint high school counselors with the needed skills, traits, personal characteristics 
desirable in the field, and with the deaand for workers in the field at the tine. 

6« Encourage the developaent of certification eiaoinations for the different job lev>?ls; 
promote the Registered Business Prograaaer Bxaaination (RBP) for your business 
applications prograsaers* 

7. Arrange nork/study prograas, with proper superviF,ion, to put students into a coapany for 
work experience on the job, either for credit, or for pay. 

8. Offer free coiputer tiie to companies without computing equipment, to allow them to 
investigate computer usage with the help of a student; have thea pay the student on a 
teaporary, part-tiae basis for doing one project* (Often the student will get hired and 
tbe cc/fpany will get equipaent*) 

9* Give students a chance, outside of class, to learn sore about what is expected on the job, 
by visiting aluani now employed, visiting coapanies to talk to prograaaing staff, visiting 
coaputer exhibit areas to talk with representatives, 

10. Offer students the chance to learn the attitude of loyalty and service to their employer 
by sessions sinulating probleis that lay arise; offer thea the chance to practice for the 
interview by having interviews on canpus, or vlth each other; encourage thea to show 
responsiblity and aaturity in part-tiae work and in class activities. (Soae of these can 
be done by oeans of a Coaputer Club.) 



po w Can We Find_out_lloce *bout_oiir .Graduates? 

Many colleges have no idea what happens to their graduates; other ask, via surveys, only a fen 
vital questions, such as those concerning salary. Others have aluani groups, with a newsletter 
offering news of aluani from all the disciplines. It would be aore helpful to have special aluani 
meetings, specifically for this fieli, in order to enable graduates to return for special prograas, 
for professional developaent seminars, for advising current students, for acquainting theaselves 
with other graduates, and aost iaportantly, to provide feedback infcraation on the effectiveness of 
the curriculua. The extra tiae it takes to do this reaps untold rewards in aaintaining a viable, 
workable, flexible curriculua froa year to year. 
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COaPUT'B actBSCS PaO'^EARS r?t CiLIP08«IA 



Curtis "^erali. Professor of computer Science 
Calif ornid Polytechnic Sz^^:^ 'Jr.iversity 
Ian I lis onispo, California 

Kenneth 1, To?, oirector of Cotputer Center 
California state University 
Long Beach, California 



Coip'iter science education coses in aany shapes ^nd sizes, and current iei>ate (the Kendel- 
Wegner controversy and lore recent upwellings* , highlights the diversity of points of view. 
However, the identity crisis that hai oeset our discipline froi its beginning is not jnusual in a 
nei subject aatter area; the present ar^jjents ov»r just v.iat we should aean when we say "computer 
i:cience" can cnly help to cl=4rify issues th^t ?:re iaportant to higher ^iiucation ani vital to a 
society that is lore and lore dependent on computers. 

In part, the lany applicaticns of the cojputer itself ccntribute to our confusion. The words, 
"data processing," ace used by soie in a generic sense; to others, they connote business-oriented 
'i.ses only. The scientific conaoaity has had so auch need of the coaputer in conducting research 
tnat 'jfily recently has there been tiie to develop its applications in the social sciences- The 
origin of lany who call themselves computer scientists in latheiatical disciplines has jiven thea a 
iefinite ^.ias. At the saae tiae, coaputer systems have evolved into general purpose aachines and 
.-^pecidlizat icn is an attribute only of the people-ware, not the hardware nor luch of the software. 

But applications theaselves, though ot treaendouis importance, are not the central .theae. For 
most ot us, th » words '•coaputer science" should have aeaning apart froa coaputer applications 
(though not divorced froa thea) , But coaputer systeas have changed so fast that the thing we are 
concerned with is nebulcus and uncertain. The interface b€tween the hardware and software has 
continually shifted and the areas of interest have widened as our industry has grown and found 
alternative solutions of greater sophistication. It is hoped that this paper, surveying the 
-ipectrua of undergraduate curricula available in California, will help to cl-^rify the situation. 
This paper does not atteapt to lescrib-i prcgr^ias that leal to the Master of Science or Doctor of 
Philosophy degrees. 

CurriculuB 68 is usually the starting point for an/ discussion of coaputer science prcgraas. 
Many ot th^- earlier prograas were aoieled after this pattern, but for at leasf a substantial nuaber 
of inuti tuticns, this path led to disil lusionaent , The ccaaents of George Gorsline ani Duff Green 
are typical: ^ "Curriculua 68 caae under early and ':;:ttinuing heavy criticisa froa within and without 
acad»3tia for its almost total neglect of the progaatics ot the job market." They then lescribe how 
th<=ir progtaa, initially relying on Curriculua 6*i for its pattern, was redesigned to recognize and 
-iccounjoda te the needs of industry and governaent as eaployers of their graduates, rtany of the acre 
.iucce.js fu 1 prograas now describe theaselves by the ways that they differ fron Curriculua 68« 

In the State of California, there are aore than 80 private institutions of higher education, 19 
::tate University caapuses, 10 University of California caapuses, an'3 over 90 cooaunity colleges. 

The various coaputer science prograas available to students in California colleges and 
universities represent alaost all parts of the diverse interpretations of the tera "coaputer 
science," In the two year comaunity colleges, the typical objective is to prepare EDP applications 
progranaers who enter industry directly, although aany of their graduates (with the associate 
legrv*) transfer to four-year institutions to coaplete a aore thorough acadeaic preparation. The 
fvur-y-ar colleges do not fall into any one design; soae are business applications oriented, soae 
.•;t, f.hasi ze systeas pcograaalng, and others have strong hardware involveaent. Most of the prograas in 
the state universities and soae of the private schools anticipate that most of their graduates will 
enter erapicyaent directly after graduation, while the prograas in the University of California 
.lystera concentrate on a good preparation for further graduate study. Because of these differences 
i!. objectives, there are significant differences in the nuaber of courses in the areas of coaputing 
t.h'^ory and structure of languages. 

Theie is no established way to classify these different approaches to the teaching of coaputer 
science. One way is to distinguish on the basis of hardwar.e versus software emphasis and by the 
field of application* We aight then have: 

CoBii||te£ fiaaiflgsrina — a prograa with special eaphasls on coaputer architecture and the 

inploaenta tion of aeaory, registers, and control functions. 

Software SSaiaS^iua — * prograa whose central concern is the developaent of prograas for 

systeas control, resource allocation and scheduling, language translation, utility func<:ions, 
and user-oriented software. 
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Scigatific_._j^£Biicatio]}s — a curricului designed to attack problens in th^ fields of 
engineering and science, eapbasizing nunorical analysis, information theory, computational 
efficiency, and -srror analysis. 

^lisingss A££lications — a s^t of courses chosen with their relevance to information storage 

and retrieval, report generation, and manageient decision-making. 

While the above ca Issif ica tion scheme is far from perfect, it shows the diversity of programs 
in th^f various institutions of highar education in California because there are curricula 
representing each orientation. (Some schools have programs extensive enough that the student can 
^^hoose from several different programs.) Based upon a sampling from the various segments of higher 
j?<luC'ition in California, ve show typical curricula of each type. The survey vas far from complete. 
It ii contemplated that e. more definite study will be made of computer science programs in 
Cdlifarnia through the Interest Group tor Teaching Computer Science in the California Educational 
Computing Consortium. 



Computer Engineering 

University of California, Berkeley — Department of Electrical Engineering and Computer Science 
ani Engineering prog ran. 



FRESHMAN YEAR 



Math 1A-1E-1C, Calculus, series, and functions..,. 

21, Computers and Their Applications 

Physics UA-UB, Mechanics, Electricity 

Electives .« 

Hecoiaaended Electives: Chemistry UAB or UBC; Engineering Graphics; English 
3r Rhetoric; History, social or Humanistic Elective Courses. 



Fall 


Winter 


Spring 


Units 


Units 


Units 


a 


a 


a 


a 








3 


3 


7 


13 


7 


Ts 


Is 


15 



SOPHOMORE YEAR 



nath 51A, Linear Algebra U - 

Pnysicn 4C, Haves and Oscillations U - 

r:al. Programming Languages and Techniques - t* 

. — f:l7. Introduction to Electronics.. - - U 

Klectives. 7 11 11 



15 15 15 

Recommended Electives: Ea5; Math 518, 51C; Biology lABC; Physics ao, aE; 

English, History, Economics, Accounting; Social or Humanistic electives. 



JUNIOR YEAR 



RBC5 150, Logic Design and computer Components... t* - 

HSCS 152A-B, CoFsputer Systems - 3 3 

KECS 151A, Memory and Storage Devices - ^ 

HECS 107, Programming Technigues and Data 

Structures a - 

F.ECS 118, Fundiimentals of Discrete Systems - 3 

Statistics liUA, Probability - - 3 

Electives 75 9 



15 15 15 



Electives . 



SENIOR YEAR 



15 
15 



15 

Ts 



15 
15 



Total Units 180 

Total Electives 117 

Social Science and Humanities 27 (required electives) 
Electives are recommended in Computer components. Computer systems. 
Computer Theory, as well as breadth electives 



20 



ERIC 



Software Eng ineer in g 



California Polytechnic State University, 
DepartiBent, Computer Science prograi. 



San Luis Obispo — Computer. Science and Statistics 



1/2 

3 

16 T/2 



Fresnaan Pall winter Seeing 

Fortran Prcgraaaing (CSc 101) c 1 ' 

Boolean Algebra (CSc218) 3 

Analytic Geoietry and Calculus (Math \^^^ ^^2, ia3)..., a a 4 

General Physics (Phys 131, 132) , a d 

Freshian Cciposition (Engl lOa, 105) 3 3 

Freshian Cciposition (Engl 106) or 

Technical writing {Engl 219) 3 

Biological sciences ; 3 

Health Hducation (PE 107) 2 

Philosophy...* • p 3 

Physical Education Activity (PE 141) < 1/2 1/2 

Electives. ....^ 2 2 

16 T/2 le'T/l 

Sophomore 

Linear Prograneing (CSc 219) „ 3 

Conputer Principles and Prograaiing {cSc 221) 3 

Digital Co-putec symbolic Progcamiiivg ^CSc 222) 3 

Digital computer Prograiiing (CSc 30a) 3 

Programming (CSc 3 10 or 3aO) 3 

Numerical Linear Analysis (CSc 331) 3 

Analytical Geometry and Calculus (Math 2U1)^ a 

Differential Equations (Math 2a2) a 

General Physics (Phys 133) a 

Principle of Economics (Ec 211, 212) 3 3 

Literature 3 

Basic Accounting (Actg 131, 132) * 3 3 

Physical Education Activity (PK 2ai) 1/2 1/2 1/2 

Blectives _2 1_ ^ 

T6 1/2 16 1/2 Te 1/2 

Junior 

Advanced Fortran Prograiiiag (CSc 301) 2 

Introduction to Numerical l!«thods (CSc J32) 3 

Numerical Analysis (CSc 33 3] . 3 

Data Structures (CSc 345) 3 

Systems Analysis (CSc 350) 3 

Algorithmic Compilers (CSc 351) 3 

Statistical Analysis (Stat 32 1 , 322, 323) 3 3 3 

Literature or Philosophy 3 

American Government (Pol 201) 3 

General Psychology (psy 202) • 3 

Managerial Accounting [kctq .^01) 

Analog Cosputer Techniques (EL 313) 3 

Principles of Digital Computers (EL UOU) 3 

Electiv€s ..^ 2 3 

17 T7 TS 



Senior 

Hathenatical Programming (CSc t^19) 3 

Progracaing Languages (CSc 451) 3 

cooputer Progr^ssBlng systems (CSc 452) 3 

Multi-Programming Systems (CSc 453) 3 

Computer Graphics (CSc 455)....« «• i 

Senior IFroject (CSc 461, 462) 2 2 

Undergraduate Seminar (CSc 463) 2 

Growth of Iticrlcan Deir(x:rac7 (Hist 204) 3 

U.S. in World Affairs (Mist 205) 3 

Statistical Quality Control (IE 336) 3 

General chemistry (Chem 124) 4 

Electives 5 5 5 

16 n 16 



Total Units 198 
Total Electives 30 
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California state University, Pullerton — Coaputer Science Council (interdisciplinary 
group) Ccmputec science ^rograa* 

£S3ili£© 4-,cg urses : 



l£2ver.Divisioa Hfii^s 

Math 150A# B - Analytic Geoaetry and Calculus 8 

nath 250 - Intermediate Calculus 4 

flath 281 - Linear Algebra with Differential Eqns ,. 3 

Engc. 205 - Digital Coiputation or 

n. 265 - Coipater Methods 3 

Q^n* 280 - Coiputer Language Survey „ 3 

Total 21 

HEfiSF^-Divisign 

Q.B. 364 - Coiputer Logic and. Prograiiing « 3 

Q.B. 382 - Information Structures 3 

Q.n. ass - E'rograaaing systeas 3 

Enigr. U02 - Digital Logic Design....* 3 

Engr. 405 - Digital Coaputer Design & Orientation 3 

Hath 340 - Muaerical Analysis 3 

Hath 335 - Batheaatical Probability or 

Engr. 423 - Engineering Probability & statistics..* 3 
Kath 435 - Matheaatical Statistics or 

Q. n, U61 - Advanced Statistics or 

nath 440 - Advanced Huaerical Analysis 3 

Q.n. 448 - Digital Sinulation 3 

Q.rt. 36 3 - Introduction to Hanageaent Science 3 

Eco. 301 - Econcaic Principles ^3 

Total 3 3 

Electives • 1.5 

Total 69 



The 15 units of upper division electives are to be selected to comprise a concentration in one of 
the three areas: engineering, quantitative aethods or aatheaatics. 

Total Units 124 
Total Electives 70 

Restricted electives 15 
General e ducaticn requirements are Included in electives 
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De Anza College, Cupertino — ausiiie ss/Data Processing Division, A,A, Degree — Data Processing 
Major (Business Option) 



MAJOR REQUIBEttEHTS 



Data Processing 3 Coipjters and Society U 

1 Coaputer Prog, for General Education U 

80 Modern Math for Business 5 Data Processing U 

52 Principles of Computer Prog r aiming U 

85 Decision Making Uith Computers U 

62 or 90 Business Computer Language (BPG) ; Assembly 

Language Coding 4 

60 Principles of Operating Systems U 

61 Business Coaputer Language (COBOL) 4 
62,91 or 96A,B,C,D (any 2) Business Computer Language; High 

Level Language Coding (PL/1); kJv, Proqr, 8 

65 Systems Design 4 

Business 1A, B, C Principles of Accountinri 12 

96 Business and Industrial P.-:g anization U 



Total Units 9*4 
Major Requirements 60 

General education and other requirements 34 



Upon graduation, many students having taken various courses in the field of computing at 
California State University, Long Beach, have been employed into the production, service and 
government sectors. For example, many have joined the aerospace industry, banking, insurance, 
private business, computer manufacturers,' education, and governaente Some have joined as 
programmers, systems programmers, systems analysis, ant2 sales. Others have continued on to graduate 
school seeking their MBA or Masters or Ph,D* in Computer Science at other schools, ' 

Since I can only speak about Cal-State University, Long Beach, ve are only now putting together 
a Computer and Information Science Department, This interdisciplinary department is being 
established outside of eiisting schools and is being planned and staffed by those who are already 
faculty memters in other departments. The Department will eventually provide the service courses as 
well as provide a major in Datalogy — "The science of the nature and use of data,** Since the 
School of Engineering already has a successful computer engineering .option that naturally 
specializes in hardware and software, CIS has had close affiliations with that school. In fact, the 
Electrical Engineering Department Chairman, responsible for the computing engineering option, is a 
member of the planning team. 

There are those of us that strongly feel that students graduating from an institution of higher 
education with degrees other than from the traditional computer sciences, should have taken courses 
with some substance in ^ata handling, uith computers playing a more prominent role in organizations 
today in the private, public, and government sectors, students in the behavioral and social 
sciences, in the biological and physical sciences, library sciences, education and business, etc,, 
should be required to have had courses dealing with computer techniques in their discipline. It is 
not critical for these students to be proficient in the desitjn of computers and software or eiperts 
in progra :iaing. But, these individuals should have the applied sciences of their field; i.e,, the 
marketing student should understand trend analysis, data gathering, etc; the production management 
student linear programming, education — item analysis, sociology — regression, eic. Rather 
than aach department duplicating similar course content, we are proposing the Computer and 
Information Science department draw on the faculty at the University who have the expertise in the 
subject area. They will conduct the various CIS* mini-cours es for the campus or CIS and cross-listed 
with the department. 

It is our intention for oar graduates to have a better grasp of what they are expected to know 
by their future employer as well as to be a better equipped and valuable employee. 



POOTNOtBS 

iComm, of the ACM, Vol, 5, Mo, 6, June 1972, p, 470»472, 
2SIGCSE Bulletin, Vol, 4, No, December 1972, p, 2-5, 
3SIGCSE Bulletin, Vol, 5, Mo, 1, February 1973, p, 102-105, 
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WHERE ABE OOR DMIVERSITY COMPUTER SCIEWCE GRADUATES GOIHG? 



Bruce H. Oarnes 
Pennsylvania State University 
University Park, Pennsylvania 



In this discussion we will address our attention to where the graduates of the B,S, and M.S. 
prograas in Coaputer Science are going and note what inplications can be drawn relative to smaller 
educational or^ianizations* This information was gathered in two surveys of the graduates of these 
programs, 2, ♦ A survey of the entrance requirements of Graduate programs in Computer .Science was 
also nada.» We will usie the graduate and undergraduate Computer Science programs at the 
Pennsylvania State University as a typical model of a University Computer Science program. While 
the baccalaureate program differs in detail from Curriculum •68,^ it agrees in spirit. Likewise, 
the graduate program is in accordance with the ACM Committee on Computer Science Curriculum report 
on graduate programs,* 



Before we discuss the plcicement of these graduates it would be advisable to look at the 
education they received. The undergraduate program consists of three major parts: general 
education; related tachnical and computer science. Seventy (70) of the one hundred tuenty-four 
(12U) credits needed for graduation are in the irields of communications skills, foreign languages, 
science, social sciences, arts and humanitios;. These courses are included so that the graduates 
will be able to understand, live in and enjoy aodfern society. The related technical courses are in 
nathenat ics, statistics and technical electives in an area of computer applications* The computer 
science section comprises twenty-seven credits and is also subdivided into three areas: required 
basic, reguired advanced and elective advanced. The required basic courses are algorithmic 
processes, assembly language programming, numerical calculation and introduction to the foundations 
of computer science. Systems pro9ramming, data structures and the structure of programming 
languaqes are required of all students and form the heart of the program. To round out his computer 
science education, a student chooses two courses from graph theory, numerical analysis, foundations 
and logical design. 

The masters program has four essential ingredients. The first consists of prereguisite 
material to prepare the student for graduate level courses and to allow hin to make up the 
equivalent of an undergraduate degree in Computer Science, if he didn't have one. Only a small 
amount of this material can be used to complete the degrees requirements. The core of the program is 
three courses; Structure of Artificial La^nguages, Syst-ams Programming, and Information Processing 
Systems. This portion of the program forms the commonality among Master's graduates in Computer 
Science from most schools. It insures that the student is a proficient programmer as well as having 
a knowledge of the fundamental subfields of computer science. The third reguirement includes 
sufficient course work to bring the total credits earned to thirty. It allows the student to 
broaden in some areas and to delve into others. It may include a minor. The last requirement is 
that the student produce a written paper on some topic in Computer Science, It may be a credit 
thesis or a less extensive no-credit paper.- The important thing is that the student be able to 
attack a professional problem and describe his work in an intelligent and educated manner. 



Of the forty baccalaureate graduates responding to the questionnaire, twenty-one or over one 
half had jobs as programmers and 5 had jobs as systems programmers; almost all of the remainder had 
positions related to computing. As might be ejcpected, the computer Manufacturing firms and software 
service companies employed a large number: 7 and ^ re.-spectively. But the rest found employment in 
commercial organizations of many types and varieties such as steel, oil, electronics, utilities, 
etc, which collectively account for 17 of these people. Finally, education attracted ^ while S 
were in military service and 1 accepted employaent with ths goveonment. Further insight into the 
career aspirations of these students can be found in their response to the question ''What do you 
hope to be doing five years from now?** Several responses from women placed primary emphasit* on 
raising & family with either part-time professional employment as a programmer or trithdraval from 
the job market with hopes of returning at a later date when family conditions permitted full time 
employment. Excluding this female family-oriented group, the responses to the guestion were: 



*ThQ author is indebted to nr, Gerald L, Engle for gathering this material. 



E ducatio n 



E mploymen t 
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Design of Systeas Softvare and Operating systeas 8 

Hanageri^il Positions ia Coaputing 8 

Return to Sjchool 6 

Teaching 5 

Don't knorf 3 

Saae as present but at an advanced level 3 

unspecified job in coaputing 2 

Kes'isarch in coaputing probleas 2 

systeas Analysis 2 

Designing Inforaation systeas 1 

Consulting 1 

Business and Coaaercial Application 1 



Note that Bultiple or alternate job objectives were stated by a nuaber of respondents. None, it is 
interesting to note, wanted to be out of the field of computing and data processing; rather an 
eaphasis on moving ahead in the field either in aanageoent of coaputing or systeas programaing is 
strongly evident. 

The Master graduates had a similar pattern of eaployaent where the largest class of employers 
is, predictably, the coaputer industry itself, followed by educational institutions. The data 
indicates the following: 



Computer Manufacturer 19 
Software Fleas 10 
Hanuf acturers (not including computer manufacturers) 9 
University or School 17 
Government: 

Military Service 6 
Civil Service 11 
Research & Development Firms 7 
Service Industries (not including software firms) 5 
Banxinq and Finance U 
Hi sc. U 



Total 92 



Job titles further reveal the use to which these people are putting their education. The 
largest group are eaployed as various types of programmers, with about an equal number with staff, 
analyst and instructbr titles. The f^pecific data is: 

i2fe-2itiS_iGen^ai), No^ 



Programmer 23 

Staff Member U 

Analyst 13 

Instructor 12 

Engineer 7 

Research Assistant U 

Misc. 19 



Total 92 

From this we can see that most of the graduates were using the skills they were taught priaarily in 
the computer industry or the educational world* 



The Master* s graduates also had aspiration of moving into aanagerial positions, but education 
and high level technical work were also a major part of the career goals as shown by the following 
table* 



nanagement position 2S 

Teaching position 11 
Eeturn to school 6 

Research position 6 

Systems programming 5 

Consulting position U 

own business 3 

Other (misc.) 1U 

No ansver 9 
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gecQ«M9 Qd ations 



ihat iaplications does this have for the snaller college? I think that there are at least two 
significant implied tions. Few small schools will be able to offer a Computer Science program that 
is technically as comprehensive as that of the larger universities. While some studies' indicate 
that the shortage o£ B.S, Computer Science graduates will continue for a few years and, 
consequently, non-coaputer science students will be able to get some positions which would normally 
go to more technically traAned students, they will not be able to compete adequately. Thus, the 
smaller school shculd tzy to place their computer oriented students into different positions and 
career paths than th9 3.S. Computer Science graduates typically enter. one such area is 
applications programming.* To do an excellent job in this endeavor it requires a solid knowledge of 
the application area, a basic knoyledge of science and mathematics, and programming expertise. This 
couia be accomplished by a minor in Computer Science, similar to the program recomm/aaded by Austing 
and Engel. 1 While there will be many opportunities in Computer Science, there will be even more in 
the traditional careers for professionals with some computer expertise. The key to ai5v 
undergraduate program is to train the student well enough to success at his first job and educate 
him weil enough to be successful at the position he will have twenty years after graduation. 

Some graduates of the smaller colleges will desire a career in Computer Science £er se. They 
could achieve this by taking a computer related position and through experience, on-the- job^training 
or continuing education acquire the necessary computer science knowledge or, preferably, he could go 
to graduate school for a master's degree, as the surveys show, the Master's Degree in Computer 
Science provides for a variety of entry positions and a greater diversity of career options than the 
B.S. program. Consequently the small colleges should provide an adequate education to equip their 
graduates to meet tho entrance requirements and succeed once admitted. 

The entrance requirements of fourteen Graduate programs in Computer Science** were surveyed. 
While all schools provided for students to enter without the stated requiremants, they felt that 
enterin<^ students should present the following background before entering the program. All fourteen 
Universities required a B.S. degree in Mathematics, Science, Engineering or similar field. 
Consequently, they all required math through calculus and all but one required linear algebra. I 
was pleasantly surprised to note that nine schools required at least one course in probability 
and/or statistics, one half of the schools required a course dealing with discrete mathematics. I 
expect that this number will increase in the coming years because, discrete math is the language of 
computer-related applied mathematics much as calculus is the language of continuous applied 
mathematics. While only two schools preferred that entering students have a bachelors degree in 
Computer Science, all required some Computer Science beyond the beginning programming courses. In 
most cases at least four courses are required. The program recomoended by Austing and Engel is 
probably adequate, if supplemented with the necessary mathematics. 



The data concerning careers for both B.S. and M.S. students in Computer Science indicate that 
the graduates from smaller schools will not be adequately prepared for a career as a Computer 
Science professional, especially in the area of systems programaing, and the smaller schools would 
be better off preparing their students for computer related positions in other areas. They should 
also prepare studep.ts for entry into Computer Science careers through graduate education. Each of 
these requires course offerings beyond the first course. The equivalent of a minor of about: 5 
courses should be considered a minimum, student projects either through the computation center or 
through the academic program is an excellent means for supplementing the students education in this 
area. I would encourage all schools to use the informal means of education to give their students 
more prograaning experience and expertise. The lack of sufficient budget for a large coaputing 
system or sufficient enrollments to justify a large faculty in Computer Science does not mean that 
the smaller schools ar<^ to be excluded from Computer Science Education. Through planning^ knowledge 
and enthusiasm these schools can prepare their students for the exciting uorld of computing. 



*The area of commercial data processing is also an excellent alternative field. But that topic 
is beyond the scope ct this discussion. 

**These schools were Buffalo, Chicago, Colorado, Georgia Tech., Illinois, Ohio State, 
Pittsburgh, Purdue, Butgers, Southern California, Stanford, Texas and Toronto. 
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SECTION III 



WHERE ARE WE GOING ACADEMICALLY? 



COMPUTING AT THE EVERGREEN STATE COLLEGE 



Fred H. Young 
Evergreen State Coll«5qe 
Olyipia, Washington 



The Btergresn State college is a new state college in olyiopi^, tfashinqton, that has just 
coapleted its s€cond year of operation. it has a student body of approxiaately 2000 at the present 
tiie and a few lore than 1.00 faculty aeibers. our coaouter operation is based co«pl«tely on thp 
library lodel. Every student, faculty leiber, and staff m^iber say be assigned a number at his or 
her request that gives hii free access to the coapuiter. There is no restriction on tii-^ used by an 
individual. Each person has a liiited aaount of file space autoiatically assigned to hii for 
storing programs and data files. If soieone needs more space, he requests it fro« a secretary on 
the computer staff. So far, no one has been refused, but it is possible that in time space may be 
limited. 

The college's computer is a high speed version of thP Hewlett-Packard 2000-C caoable of driving 
up to 32 terminals. Commonly Icnown af "Hewpy," it has a corp menory of aO,000 lb-bit words, 32K in 
the CPU and 8K in the tront end procer-sor. have a 1 f1 character fast disk, and our U.BM character 

disk packs have lust been replaced by a 23« character disk. Our terminals include 19 teletypes (14 
hardwired and 5 dial-up), a Portacom, a Teleray CRT terminals, an X-Y plotter, and a T^iOli graphics 
terminal. Another, terminal on the order of a Hazeltine 2000 scope with printer is out for bids. 
The plotter and Teleray terminals operate at 30 cps, the TU013 at 2u0 cps, and the TTY's at 10 cps. 

The computer is dedicated to a single time-shared language, an extended BASIC. There are no 
credit- bearing courses in programming, but the computer center st&tt frequently gives short 
workshops in EASIC. Kost stud-sncs, however, are attracted to the computer by an extensive list of 
ganes, sDme developed at Evergreen, soae elsewhere. 

In addition to Hewpy, Evergreen his an RJE consisting of a card reader, punch, and line printer 
connected by leased line to an IBM 360/67 at Washington State University. All administrative 
programs and files are kept on the 360. The RJE permits students free access, in batch mode, to a 
computer that can process programs in POHTRAN, LISP, SNOBOL, PL/1, COBOL, MATPIV, and an assembler. 
Sost students learn languages as they need them but a workshop in FORTHAH was given last year. We 
h.ive found, however, that BASIC serves the needs of the students and faculty so well, and is so easy 
to use, that only a few students are using th^ RJE. 

With no computer courses but with free and essentially unlimited access to a computer, what 
uses are made by members of the academic community? Much of it is of the expected sort. Nearly all 
students studying mathematics are expected to ase the computer as a calculating tool for such things 
as numerical iategration, finding zaros of functions, making linear transformations, and so forth. 
Statistical analysis of data, whether scientific or sociological, represents another common use. 
But since Evergreen's academic program is quite different from that found at most institutions, it 
is not surprising that the greatest use of the computer is nonnumerical in character. A year ago I 
conducted a one-quarter program called "Puzzles, Games, and Problem Solving. The students studied 
Boolean algebra, logic, and problem solving techniques of many kinds. Each student studied 
intensively the strategy of some known game and invented a game of his own, complete with an 
analysis of the strategy for playing it. All the students used the computer extensively, and some 
invented games to play en it. One pair of students came up with a version of SEAWAR, played at two 
terminals, that is one of the best versions I have seen. *They patented it and sold boards for it in 
our bookstore. Three students programmed versions of Conway's LIFE game, but they were agbniaing to 
run on cur 10 cps teletypes, the only kind we had available at that time, one student programaed 
the sliding block puzzle for a 3 x 3 board. His first attempt, a brute force search of the complete 
tree of the game, took hours to run. He then rewrote the program to use a polynomial to evaluate 
board positicn. This version would solve the puzzle in about 15 seconds. It was amazingly 
efficient. Another student developed a new kind of condensed tree graph for a couple of nim-like 
number games. These graphs could then be translated almost directly into computer programs. They 
now take on all comers at Evergreen. One of the better students wrote a program that constructs 
extraordinarily complex mazes on the X-Y plotter. A companion program solves such mazes. It is fun 
to watch it work. Ooe student got interested in the general field of artificial intelligence and 
programmed a '•beast" in a room with objects that possess various degrees of warmth or coldness, 
hardness or softness. The beast likes warm, soft things and dislikes cold, hard things, but it has 
an overriding curiosity that causes it reluctantly to leave the things it likes and, avoiding things 
it remembers as unpleasant, to explore the room for any new objects that may have been introduced. 
This project was explored for a year and has no« been written up and submitted for publication. The 
student is now working cn piografts to write music. 

X must net forget an unusual poker playinq program written by a student. Re programmed four 
distinct personalities (a cautious player, a bold one, etc.) who played against each other and 
modified their strategies according to whether they won or lost. After thay had played a great 
number of hands, it was found that their strategies converged. The final result is a challenge to 
the academic community. After all, Hewpy doesn't really collect its winnings. 

/ 
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A Staff leiber has written a hilarious prograi to simulate a pisychiatrist, »»Psycho" gets a 
good play by stodents* He has also becoae involved in computer art and has turned out a number of 
fascinating constructs. 

A faculty member with a background in English has made enormous strides in constructing a 
program to help students learn expository writing* At present one subprogram, called PARSE, is 
operative. It analyzes such grammatical features as sentence structure and length, paragr=iph 
construction, use of modifiers of various types, and conjunctions* The output is a statistical 
analysis of the student's writing style as compared with that of other students and with 
professional writing of similar type. The faculty member has recently been funded and will start in 
September tc develop a full-blown CAI program for improving writing skills. 

Evergreen has also received a COSIP grant to develop autotutorial materials for student use. 
Although other devices will also be used, a major effort will be to construct CAI materials for use 
in the sciences. This project will be in full swing this summer. Several students have already 
written CAI programs that are being used in a nuBber of ways. Some of these are in statistics, but 
one of the best is in the fundamentals of prograiaminq in BASIC. 

Another ccmmon use of Hewpy is simulation. One extensive project involved the simulation of 
tidal action and the mixing of water in a bay in Puget Sound. This program was quite successful and 
lei to some management decisions involving construction, drainage, and sewage disposal around the 
bay. It may have saved a valuable oyster bed for the Indian community on the bay. one student, 
inter^3tf>d in book publishing, has simulated an entire publishing house including wa re- housing , 
distribution, labor, markets, and management. It is really an ambitious project. At the present 
time the student is trying to find a way to include such imponderable factors as worker satisfaction 
in his model. As you might expect, he is having trouble. 

Not all projects have met with success. One faculty member wrote a program for use in first- 
V'=?dr coordinated studies that are heavily dependent upon seminars about books the students have 
real. The program permits faculty with little knowledge of computers to introduce material each 
week to ptcvid*? help to students in the most difficult areas. A student can go to a terminal, 
select the topic that is bothering him, and get a few paragraphs ot help. If the student feels that 
the answers he receives are inadequate, the computer schedules a conference with an instructor. 
Unfortunately, it dewanded more time from the faculty than was available. It was a splendid 
progr.jm. If we ever get our faculty workload down to manageable size, perhaps it will be revived. 

This has been a somewhat rambling description of some of the many uses of the computer at 
Evergreen state College. We are still having difficulty getting some of the faculty to use it. A 
few, of course, are ideologically opposed to computers, arid we must wait until their students force 
them to reconsider their prejudices. The large majority of students and faculty are delighted with 
the service Hewpy provides. Being dedicated to a single language, it wastes very little time in 
overht?ad. It is virtually impossible to bog it down. Response time is always very short. BASIC is 
an easy language to learn, and it has elirinated the necessity for extensive programming courses. 
At the same tine, the versatility of the language and the complexity of the programs written hy 
r*»latively inexperienced students have surprised us. I have been at colleges with larger and more 
expensive hardware, but never before have I seen such satisfaction with a computer center. Our 
fueling is that when the time ccaes that we need to expand, we shall not get a larger cocputer but 
will instead get another computer of the same size, perhaps dedicated to another language. Whatever 
it i;, the language will be interactive, and we shall maintain the library concept. 
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WHERE ARB VB GOIHG ACADEH ICALLY? 



Harqaret B« Dexter 
Augusta College 
Augusta, Georgia 



tn the past ten years or so we have seen Computer Science develop froa an occasional course 
offered at a few schools to an acadsiic discipline offered at iost if not all of the larger colleges 
and universities. Now lany smaller and lediua sized schools are beginning to offer computer science 
courses. Host of us have at least one course and realize that «e need additional coursework in the 
area. Those of us who prepare students to transfer to the universities find that our students need 
soae preparation in computer science* Students going on to graduate school m other fields are 
frequently expected to know how to use a computer, and students entering graduate computer science 
progress need several courses. Students entering the job aarket after either two or four years may 
need soie coiputer background to compete with students froa larger schools. But we have neither the 
faculty nor the computing facilities to offer extensive programs. So where are we going? 

First, let's recognize that we do have so«e advantages over the lacger schools. He are 
typically lore concerned with teaching than with research. We usually have smaller classes and 
increrised opportunity to know our students and work with the« individually. Although we typically 
have a teaching load of 12-15 hours we lay actually have fever students than a prof->ssor in a 
university with half as r^any hoars of lecture per week. Perhaps we should ask oursel^res how we can 
use the coaputer to aid us in our prinary function of instructing students as well as whether or not 
we can or should teach Coicputer Science. So let's briefly consider instructional uses of a 
conp'Jter. 

Instructional uses of conputer fall into three general categories: pr oblea-sclving, 
educational ga«es, and tutorial applications. The first instructional use of a computer on your 
caipus protably was or will be — a problei solving application. And well chosen problem -solving 
applications can significantly affect instruction. Whether the student prograis the problei hiiself 
or uses canned programs of sc«e sort, he can be expected to solve probleis which would be 
prohibitive without a computer because of the aclthietic drudgery involved. Hopefully this will 
per»it hi» to understand and learn concepts because he is freed of the details of conputation . 

Many faculty leibers «a y feel that using a coiputer is not practical in their courses. They 
can't finish the book now, and how on earth can they add coBputer prograiiing and get anything done? 
The idea is not to pile coiputer progranming on top of the other material in the course, but rather 
to incorporate the use of the co«puter into the curriculum in such a way that it facilitates 
learning other material. «e need to keep in mind the distinction between teaching the students 
about the computer and using the computer to teach oth^r topics. As textbooks utilizing the 
computer become available this will be easier for us to accomplish. Although changes in curriculum 
come about slowly, the use of the computer in other disciplines can be expected to have an impact 
upon the curriculum of those disciplines. 

Eriucational games or simulations are also being used in many areas. Here again the objective 
is not to learn to use the computer but to use the computer as a tool to learn something else. 
Rather than presenting the student with a mathematical model of a system in algebraic form, the 
model can be implemented as a computer program. The student can vary parameters in the model and 
have the computer demonstrate the effect, frequently graphically. We may also program models far 
too complex to present mathematically. Although we should remind our students — and ourselves 
that we are experimenting with a model and that the validity of the results depends upon the 
validity of the model, instructional applications based on simulation appear very useful and it is 
reasonable to expect more of these applications in the future. 

Finally, the computer can be used for tutorial applications. He are all familiar with 
programmed instruction or Pt texts, and a computer can be programmed to present information to a 
student, ask the student a question, and then use the student's response to determine the next 
computer action. Por a discussion of programmed instruction see neadow.2 it is not clear that 
there is any advantage to using a computet rather than a book for this purpose. In a paper 
discussing the directions for research and development of computers in the instructional process 
published about a year ago, Zinn stated that this fcrm of CAI has earned a reputation as «an 
unimaginative, costly, page-turning teaching machine".^ 

The emergence of author languages such as Coursewriter and others has presented instructors 
with an easy way to present materials in an unimaginative way. Although some good courseware has 
been developed this way, it is extremely difficult and time-consuming to produce good materials and 
easy to produce bad materials, with the result that a lot of bad materials have been produced. 

A major disadvantage of this approach is that the instructor determines what material is to be 
presented and the student cannot control his own learning. This means that the instructor who 
prepares the materials must spend a great amount of effort predicting what the student will do and 
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prescribing the coiputer action, And the student cannot control what he is to learn or ask 
questions about aaterial he does not understand* 

In the saae paper cited aboTe, Zinn notes that the current trend in CAI is toward systems in 
which the student can control the dialogue. At that tiae several systeis were ia the '^xper iienta 1 
stage but none ready for practical application, largely because of the difficulty of constructing 
the data base for a conversational application. As a by-product of a study of the question of 
whether the student or the coiputer should control the inforiatioa flow in a tutorial dialogue, a 
conversational CAI system was recently defeloped ehich, based on initial data, appears feasible for 
practical application,* So we aay expect a conversational for* of CAI in which stulents lay asK 
questions and browse through instructional material to be arailable in the near future. 

In conclusion, I would like to make a few predictions, I predict t«.U a computing facility 
will become as much a necessary academic resource as a library and lill be required for 
accredida tion, (After this presentation, Joyce Little, Community College of Baltimore, told me that 
in at least one instance this prediction has already come true,) I also predict that we will go 
through a phase in which we use the computer for the sake of using the computer and will discover 
some instructional applications that are useful and discard others. The computer as an 
instructional tool will be overused and misused until we discover where it is appropriate, and 
(hopefully!) it will finally take a place as a useful instructional tool used in conjunction with 
other forms of instruction. 



» Dexter, Margaret Elizabeth, A_ Stud^ of Info£matiCn Control in Computer- Aided Instruction, 
Ph,D, Dissertation, School of Information and Computer Science, Georgia "institute of "Technology, 
Atlanta, Georgia, 1972, 

zjleadow, Charles T, Man~!ldchine Coimgnication, Wiley - Interscience, Hew York, 1970, 

^Zinn, Karl L* "Computers in the Instructional Process: Directions for Research and 
Development," Comm. ACM, 15, 7 (July 1972) pp, 648-651. 
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FUTURE PBOSPECTS FOB COMPUTER SCIENCE 



Richard H. Austing 
OniTersity of daryland 
College Park, Maryland 



There are nuierous approaches one could taKe to address the question "Where are we going 
academica lly in computer science?". Certainly, all of the ether questions that are panel titl*^s at 
this syaposiui relate to the question addressed by this panel. The current status of cciputer 
science, the kiniSs of students ve produce and the varieties of software and hardware available for 
use are all vitally important aspects of an analysis of where we are going academical ly. The 
discussions on each question provide a necessary context for discussions on all the others. 

Because the future of coaputer science, like any other future, is grounded in the past, I would 
like to consider the growth of coipater science as a discipline during the past 10 years cr so. 
This brief review is intended to be illustrative rather than exhaustive. Only a few published 
papers and reports will be cited. 

In lany ways, we have cose a long way since 1963 when Saul Gorn^s article "The Computer and 
Inforaation Science: A Hew Basic Discipline" was published in the SIAfI Review* and when the first 
major panel discussion on computer science courses took place that suaier at the ACn meeting in 
Denver. Unfortunately, there are still a number of areas in which we almost haven^t even gotten off 
the ground. 

The ACM panel consisted of the following topics and speakers: 

!• Programming of Digital Computers (A. J. Perlis) 

2. On Introducing Digital Computers (B.W. Arden) 

3. An Undergraduate Curriculum in Numerical Analysis (G. Er Forsythe) 
u. Logic for the Computer Sciences (R. Korfhage) 

5. Wechanical Languages: a Course Specification (S. Gorn) 

6. The Place of Logical Design and Switching Theory in the Computer Curriculum (D.E. Muller) 

A report of the panel iiscussion appeared in CACB in April, 196U. This discussion was 
instrumental in the est ablishin»^nt of AC.I's Curriculum Committee on Computer Science (C^S) . This 
committee, supported by NSF funding, produced two reports in 1965 and 196B respectively: 

a) "An Undergraduate Program in Computer Science - Preliminary Recommendations"* 
and b) "Curriculum 68: Recommendations for Aciademic Programs in Computer Science"' 

I won't list the 16 course titles in the 1965 report and the 22 titles in the 1968 report, but 
those of you familiar with "Curriculum 68" can easily see the growth in the number of topics 
consiierel to be in computer science during the period from 1963 to 1968. CS still exists and has 
every intention of producing an updated report on computer science curriculum, but the termination 
of funiing se^»eral years ago has considerably slowed the progress of the Committee. 

An we all know, the iapact of "Curriculum 68" was tremendous. The number of degree programs in 
computer science has mushroomed; textbook writing activity has been brisk; attempts at teaching 
various courses has resulted in the modification of course content, in the reduction of course 
levels, and in the establishment of new areas and topics. Because of the immense scope of 
"Curricului 68" only those institutions with substantial resources could hope to implement a 
^>izeable percentage of its recommendations. This has led to developments withiu compviter science 
that have been both beneficial and detrimental. 

The larger and/or more prestigious universities have acquired faculty and have established 
computer science departments offering degree programs based, more or less, on the recommendations in 
"Curri::ulum 68." In sany instances, graduate degree programs were established first. The necessary 
attention tc research and theoretic development required to maintain graduate programs has 
contributed greatly to the growth and prosperity of computer science as an acviemic discipline but 
it has also tended to give computer science an aura of being a "pure" (as opposed to "applied") 
field. Whether or not computer science will continue in this direction depends on many factors and 
I do not intend to get into all of the ramifications of the "pure" vs. "applied" debate nor into 
definitions or descriptions of the terms themselves- I do feel, however, that it is important to 
cite the situation and to raise the following points: 

a) the extent to which "pure" and "applied" are mixed will greatly influence the degree of 
future success of computer science; 

b) computer scientists should be aware of the situation within mathematics and should learn 
from it; 

c) the capabilities, uses, and impact of computers are essential ingredients in the education 
of a computer scientist; and 
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d) the continued developiant of undergraduate programs is vital for the supply of responsible 
and Knowledgeable coiputer oriented people to toe worx force and, to* a lesser* degree 
(because a sialler nu»ber of students is involved) , for graduate coaputer science 
programs. 

I have deliberately not discussed specific topics or areas within coiputer science nor what lay 
or Bay not he appropriate to the discipline. I have avoided doing so because any such discussion 
involves a consideration of local conditions such as background and interests of faculty ■eabers, 
strengths and weaknesses of other departaents, ani historical development of coaputer oriented 
course work. These probleas are too diverse to treat in tais paper. 

Instead, I want to focus on the appropriateness of coaputer science as a subject within a 
liberal arts environaent. To a great extent, the future of coaputer sicnece depends cn its 
inclusion as a respectable aajor field of study in liberal arts institutions. Clearly, this 
involves a coaaitaent to acquiring and aaintaining resourc<5s, both faculty and eguipaent, that such 
institutions are generally not ready or able to aake, even if sufficient resources were presently 
available. I cannot predict how and when these probleas wl?1 be overcoae, but I ean hope that aeans 
will be sought. In the interia, however long that aay be, developaent of coaputer science courses 
and curricula within literal arts college should be pursued. Two papers offering guidelines for 
developaent are included in the references. s 

Soae very practical argu«ents can be aade for any institution, no matter what its size, to 
offer coaput*:r science courses and degree programs. r think they apply particularly to small 
colleqffS. ?Qr example, admission requirements for graduate degree prograns in coaputer science have 
been incr9asin'j steadily and will, probably within the next several years, include a bachelor's 
'le'^r^e in computer sience; already, three or four upper division coaputer science courses are 
reguirnd. The majority of students, however, will take computer science courses to becoae aore 
employable or to be better equipped to handle themselves depending on how strongly an individual 
institution feels about vccatior.al training as an appropriate goal of a liberal arts curriculua. 
Another arguaent on the practical side is that more i nd aore high school students are becoming 
e*xposei to ccaputing. They will look for aore of it in any college or university to which they 
ply. 

Irrespective of these, arguaants, coaputer science is an appropriate field of study for a 
liberal arts student. Any graduate of a liberal arts institution to be considered "educated" surely 
must have soae knowledge about coaputers. The aaount and type of knowledge is arguable but not the 
fact of; having it„ K liberal arts graduate with no exposure to coaputers or coaputer sci<*nce is 
unable to coaaunicate with a large segment of those people within the graduate's sphere on even the 
■ost basic natters related to coaputers and their iapact. Eecause the coaputer is a useful tool in 
at least soae ispect of all disciplines, the unexposed aajot of any field is at a disadvantage. 

More iaportantly, the problea solving aethod inherent in coaputer science could be the aost 
useful idea given to liberal arts students. The processes involved in breaking a large problea into 
a set of saaller ones, constructing a aodel for each saaller problem, devising an algoritha for its 
solution, testing it, ref oraula ting the problea if necessary, etc. are applicable to any discipline 
and undoubtedly are a great aid in helping students to think, plan, create and organize. 

A student can be introduced to this process in one or two basic prograaaing courses. 
Additional (usually upper division level) coaputer science courses will develop the process as well 
as provide a body of knowledge not included in other fields. Some of the areas appropriate to upper 
division coaputer science work could be labeled data structures (or inforaation processing) , 
languages (usually with eaphasis on structure and properties rather than on developing prograaming 
skills), nuaerical analysis, siaulation, systeas (including coaputer organization), and theory of 
computing. Good textboo)is are becoming available in these areas so that it is possible tc teach 
concepts in these areas (in contrast, for example, to teaching only the details of a specific piece 
of eguipaent). "Concepts" is the keyword here, because a student with a conaand of concepts will 
hdve the flexibility to adjust to a variety of en^ironaents whether on the job or in graduate 
school. 

I aa not concerned at this point in tiae with the question of what kinds of jobs a coaputer 
science person will be qualified for. Current graduates with coaputer science backgrounds are 
getting jobs. Furtheraore, as aore and aore coapoter science aajors graduate, positions suitable to 
their backgrounds will becoae better defined. 

Both in looking into the past and in looking to the future, I see a nuaber of needs and 
probleas that continue to plague us and which bear aentioning: a) Teacher training, both in-service 
and for secondary school teachers, aust be increased; b) Trial and error course and curriculua 
developaent aust be brought under better control; c> Institutions with resources aust do aore 
reaching out to help those with little or no resources; d) Better articulation aust be achieved 
aaoag personnel in 2 year, U year, and graduate prograas; e) Hore attention aust be given to 
innovative pedagogical aethods; f) Service courses aust be iaproved so that they better suit student 
and departaent needs; and g) Continuing education aust be iapleaented on a greater scale to assist 
coaputer professionals in keeping up with the field. 
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In sonaary, I feel that the future of coiputer science depends on how at least the follotfing 
questions are ansvered: 

1. Ilhat kind of six of "pure" and "applied" subject aatter will he laintained? 

2* Hov successful vill s«all (liberal arts) colleges be in inplenenting coaputer science 

degree prograts? ^ ^ 

3* Hov rapidly and veil vill the needs identified in the preceding paragraph be net? 
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SECTION IV 



WHERE ARE WE GOING TECHNICALLY? 




COBPUTER-BASBD LEABNING IN 1980: WHAT HILL IT BE LIKE? 



E.O. HcUilliaBS 
National Science Founrlation 
Washington, 0«C« 



Anyone who has experienced - as lany of us ha?e - the disparity between promise and performance 
for coaputer (and other) technology should be rather cautious in predicting future capabilities, I 
was asked, however, by the CCUC coiiittee, to be ♦•provocative," and in that spirit, I am prepared to 
predict that by 1980, CBL (coaputer-Based Learning) will be characterized by the availability of a 
wide range of lew cost, high performance educational computing systems, capable of providing highly 
effective instruction in most disciplines and educational levels. Furthermore, CBL will be 
acknovledged, finally, as the most important educational innovation since printing, and most 
educational institutions will either be using it routinely or will be making plans to do so, 

I hope that at least some of you consider this to be a ••provocative" statement, I believe it 

to be a reasonable one, however, and one upon which your institution should be informed, especially 

since, in my opinion, only a severe depression or other national emergency can delay this prediction 
bymorethanafewyears. 

Notice that I » ve used the euphemism "cBL" instead of "CAI" or other more restrictive term* 
within CBL, I enbrace all present forms oc" educational computing, and then soae, our educational 
system is characterized - fortunately, in my opinion - by diversity, and so it will be with CBL, 
Such systems will differ markedly in matters of: 

scale (ranging from dedicated, self contained, single terminal systems to huge 
instructional utilities serving thousands of terminals scattered all over the country), 

function (CAT, CMI, CAI, ''dual and solo mcdf^" problem solving, simulation, and 
"browsing") , 

facility (libraries of software or courseware programs, prograaminq or authoring services, 
information storage and retrieval services, graphical input/output, natural language 
input/output, and so forth), 

(We shall not want for variety - that is the surest prediction of all!) 

Before? explaining .the basis for this prediction, let me explain the program within the 
Foundation that I administer, since it provides the perspective for my opinions. My program - 
Technology and Systems - is one of 3 within NSF concerned with ••Technological Innovations in 
Education". I«m responsible for ensuring the existence of better (and better) hardware, software, 
and "courseware" (instructional computer programs), by supporting research, development, and 
evaluation of promising techniques and systems. This program is presently supporting a number of 
interesting projects, notably the development and fiell test of the PLATO and TICCIT systems of CAI, 
[I'll describe these systems only briefly here, in ordt^r to develop other bases for my prediction* 
I did bring along a few reports, and I'm prepared for qu'^st ions later,] 

PLATO (IV) is intended to ba an instructional utility, capable of providing CBL from a large 
library of courseware, to thousands of widely scattered students simultaneously, TICCIT is intended 
to provide highly structured CAI to roughly a hundred students simultaneously, in community college 
English and mathematics, (One TICCIT system is designed to serve a single community college,) 

Each of these systems offers several interesting and seemingly valuable instructional features, 
through the use of significantly different technologies and strategies. For example, PLATO-s 
(plasma panel) console provides quite useful, high resolution graphics, color slides, touch input, 
and audio messages to remote locations using standard telephone lines, TICCIT' s "Digicolor" 
television console will provide high resolution - several times better than standard television - 
display of ccior cha rac ters or piecewise graphics, plus videotape and audio capability, at a very 
modest cost (under $2,000 capital cost per console). Furthermore each system" is designed with 
efficiency (as well as facility) in mind; each is intended to deliver CAI at a cost - exclusive of 
the cost for developing the courseware - of $1,00 or less per student-contact-hour. 

The strategies for achieving their educational goals are markedly different as well, PLATO is 
designed to enable a faculty member to prepare his own courseware, according to whatever educational 
strategy he practices. TICCIT *s entire design - right down to the "Learner control Keyboard" and 
other hardware - is based upon a rather simple, general model of instruction in which the courseware 
is prepared by teams of "courseware craftsmen", and delivered and executed as data. 

Based upon their early promise, the Foundation began two years ago to organize a major field 
test of these two systems, primarily at the community college level. Progress for the field tests 
has been good - we seem likely to eiss our original starting dates by only 6 months, (The original 
date was September 197.1 for PLATO, and February 197a for TICCIT,) 
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I beliere that each of these systeis will leet its design objectives - naiely to provide 
effective CAI at a cost of $1.00 per hour - before 1960. By theiselves, therefore, they will indice 
considerable change in the use of CBl, since the cost for huRan instruction is already several tiies 
that figure. There are aany other encouraging developments too, however, and r see strong groiise 
froi several that can be grouped loosely together under the heading of »»iachine intelligence". 

For exaiple, coiputers are already able to coaiunicate with huwans in natural - though still 
restricted - language, by recognizing and reproducing human speech, with ever-increasing accuracy 
and speed. natural language coiiunication should be quite far advanced bv 1980, and could prove 
quite useful for CBL, * 

Furthermore, computer programs are increasingly able to understand the substance of what they 
teach. For example, I recently inspected a program capable of instructing in integral (as opposed 
to numerical) calculus. It understood the various methods of integration - by parts, trigonometric 
substitution, etc. - and where each method applied. It was therefore able to solve its own 
(randomly generated) problems, or others posed by the student, .Vith this rather deep understanding, 
it was able to provide the student with S£ecific advice - e.q,, "perhaps a second substitution of 
variables would help" - when requested. (This program had an additional nice wrinkle; it was able 
to learn from the student. If the student's strateqy for a particular problem proved more efficient 
than the programmed strategy, it was adopted by the program, and would be used for such problems in 
the future.) 

There are promising developments in programming languages as well, such as just reported to us 
by Dr. Mills. I'd like to mention another, that I find especially exciting. 

All programming languages with which i am familiar are sequential, like ♦•he uachines upon which 
they run. In the real worl;i, of course, events proceed in parallel, and often independent 
(a synch CO nous) of one another. Computer simulations of real world events using standard sequential 
progrdBiming languages have therefore proved to be quite complex, as anybody who* has attempted one 
soon discovers. 



At the same tine, simulations of real world phenomena are widely recognized as potentially 
valuable learning aids. Realistic simulations and graphical displays of ecological and other 
systems are already popular. The programming required to build (r;^ther than merely use) a 
simulation prevents many interested faculty members - 4nd even some students - from attempting to 
write one. This seems unfortunat , since the insight ir.'-.o the process of the simulation will surely 
be deeper when the simulation is constructed, rather than merely exercised. 

One researcher has developed a programming language based upon this notion of parallel 
processes (and other promising concepts), which enables one to program the processes in the manner 
that he thinks of then. For a space war simulation, for example, o;ie describes the characteristics 
of one ship (speed, acceleration, heading, field of vision and fire, -^tc), then kicks it off and 
concentrates upon launching the second ship, or third, or whatever. Bach ship proceeds on its 
programmed course, with coordination - the essence of simulation - between ships and earth provided 
automatically at the systems level. I i.-w a listing tor such a program, written in this language 
(by a student, cf course) ; it consisted of a half page of source code! (Although probably 
significant In itself, the length of the program is not the advantage being sought, but rather a 
much better match between the natural thought process and the resulting program code, to reduce 
unnecessary thought processing and memory load. This is of course the same objective being pursued 
by the advocates of "Structured Programing", reported to us just moments ago by Dr. Mills.) 

I aust mention too the promising attempt to stimulate learning in young children through the 
use of physical models or other devices, whose principles of operation can be exercised by computer 
programs written by the children themselves. For example, a computer controlled, 3-wheeled cart can 
be roved about by program control, and leave an ink tracing of its circuit around the room, to 
illustrate the principles of plane geometry. Similarly, the principles of structural biology cai^ be 
exercised through the use of a computer-controlled physical model of an acimal, with moveable parts, 
"aiuscles", and "nerve networks". 

Many other promising technological dQvelopments could be cited, but let me mention an equally 
important phenoienon, namely the concurrent development _of the human resources required to, exploit 
this promise* People are becoming very experienced - even sophisticated - in the application of 
technology to education, and this ability seems to be growing exponentailly. Computi.ig is 
infiltrating departments previously thought to be impervious, for example in the arts and 
humanities* At this conference alone I've heard reports of the use of APL - a sophisticated 
mathematical programming language - by university English majors (not to mention third grade 
element'^ry students). Furthermore, I perceive some understanding not only of the application of 
computing, but the (deeper) proceijs as well, which seems likely to be of fundamental importance for 
the reform of curriculum and for the provision of new educational services. As an example cf the 
latter, I can report that my program is presently supporting the development and field test of a 
computer-based system of career guidance and planning that seems certain to provide to college 
students* well before 1980, insight into their own values and opportunities, and skill in gathering 
information /nd exercising choices - skills of acknowledqed value that are virtually nonexistent 
today. The interaction between computing-wise students and computing-wise faculty seems to me very 
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promising indeed, especially when supported by theories and conclusions froa c-aputinq-iiise 
research. 

One might conclude from all of this that the ailleniua is close at hand, except for cost, but 
here, too, the signs are quite encouraging. The cost for most basic electronic cooponents has gone 
down steadily by a factor of 10 in the last U or 5 years, and is pxpected to continue this trend for 
the next 5 years. (For example, the cost for computer ■eaory, dis)c aeaory, and integrated circuits 
has been so affected. Buaor has it that IBM is siaply crushing returned 231U dis)c units in a 
hydraulic press like junked cars, as the aost effective fori of salvage. The 23ia was the industry 
standard only 2 years ago*) 

Concurrently, computer performance and reliability have improved dramatically, through the use 
of medium and large scale integrated circuits for non-destructive-readout neiory and central 
processors. This has not only improved performance by reducing the distance required for signal 
travel, but reduced th& physical size of the equipment as well. Computing power that required an 
entire room 10 years ago could be available in notebook size by 1980, and research is well along in 
one coamercial laboratory to produce just that - a protable, battery powered coaputer system, with 
console, CPO, aain and secondary aeaory, contained in a notebook, (If this doesn't seea aabitious 
enough, consider that the head of the project believes that such a "personal computer*' could be 
produced for less than the present cost of a graphics console alone!) 

Having thus explained the basis for ay prediction, let ae hasten to state what I aa not 
predicting* I don't think for a ainute that even getting tc 1980 will be a breeze, or that we will 
in fact find everything rosy when we get there. Getting access to the technology won't be easy; 
integrating it into the curriculua will be even harder, K lot of people will be working very hard 
to do so. 

Furtheraore, I cannot reassure you that this technology won't replace soae faculty. With the 
cost for huaan instruction going up and the cost for CBL coming down, some replacement seeas 
inevitable* The way in which this advantage is converted will be ^ local decision, deterained by 
those local factors - such as growth - that dominate. There is no reason to believe, however, that 
1980 (or, say, 198^*) will necessarily be Orwellian - with the technology allowing the government to 
doainate ug - although recent events should encourage us to remain constantly on our guard* 

Some wag recently compared CAI with a waltzing elephdnt. People, he said, weren't for a minute 
impressed by the guality of the elephant's waltz, but only that it had the audacity to try! I hope 
that it is clear from my remarks that I believe such an analogy to be very shortsighted. Within a 
very few years, that elephant will be doing some very nice steps indeed, and a good many intelligent 
people will be dancing right along with it. Your institutions, and mine, should be preparing for 
the occasion. 
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TREHDS IN THE DEVELOPMENT CP COrtPOTER SOPTtfABE 
POR COLLEGE ADMINISTRATIVE APPtlCATIONS 



T. Ray Hanney 
Purnan University 
Greenville, South Carolina 



What will be the nature of adainistrative software development for colleges and saall 
universities during the coding decade? In ny reading of the computer literature and in 
conversations with aany individuals I have not fourd any clear-cut agreement about the trend of 
future developments for administrative software. Consequently, you will be hearing ay ofinion- 
Moreover, since ny experience has be^^n priaarily in saall institutions, ay reaarks will be about 
thea. 



Before discussing aore technical matters, tb^re art* several general questions that each one of 
us should consider. 



1. Are we doing the right things with the coaputer? 

2. Is the computer center being managed in the best possible way? 

3. Is top administration involved in establishing ttve computer center policies? 

a. Are we insuring the privacy of the computer records for individual students, faculty, and 
adain istra tors? 



Person.^lly, I believe that the success or failure of a particular computer installation depends more 
upon those factors than upon technical natters. 

As a first step in speculating about the future, ve all need to ask whether our computer 
centers are doing the right thing. By impression is that many of us consiler the computer to be a 
super toy to be used in part for our intellectual aoiusenent, and we may even look upon 
administrative applications as large puzzles to b3 solve! so as to optimize the effeciency of 
operations within the computer center. This attitude must be changed. This subject is receiving 
increased attention from the computing cotnaunity, and many excellent articles regarding it are found 
in Pred Gruen herger ' s recent book, Effective Versus If f icient Com£utin£ (Prentice-Hall). All 
computer center directors will find this little book'to be extremely helpful and enlightening. 

How do we tell whether or not our computer centers are doing the right thing? A reasonable 
start can be achieved by classifying the output of our programs for adainistrative offices using the 
scheme of B. Van Dusseldorp.* He divides the information needed for colleges to function into three 
levels:: 



1. information for operations — i.e., for conduci-ing clerical tasks such as payroll, student 
records, and financial transactions 

2. information for control i.e., for iiplementing administrative decisions and policies 
such as budget control 

3. information for managea^^nt decisions — i.e., for formulating management decisions and 
deveicping policies such as determining tuition rates and deciding when tc construct new 
buildings 

Unless yo lir situation is exceptional, your computer center produces lit^:le information which is used 
for control or maaagement decisions. Effective use of our computers will com« as we loarn how to 
provide these higher levels of information. Progress io being made in this respect by the Western 
Interstate Commission on Higher Education (MICHE) , by the National tabors*i:ory for Higher Education 
(NLHE) , and by many colleges and universities. 

My second general observation is that even small institutions must have computer center 
directors who have management skills. This is more important than having a knowledge of computers. 
Most of the college computer center directors that I know were previously either professors, 
computer programmers, or systems analysts. (This may or may not be a true example of the Peter 
Principle.) There is no necessary correlation between those occupations, interesting and important 
as they are, and a knowledge of management techniques. When was the last time you actively sought 
to improve your management skills by reading management books, discussing a point of management with 
a knowledgeable colleague, or enrolling in or auditing a management course? 

The third general point is that top management mus t participate in establishing and enforcing 
policies for the computer center. This is essential but difficult to accomplish. Hany top 
administrators in small institutions have little or no knowledge of the coaputer or its operation, 
and they are in awe of those who do. Wany have not recognized that ithey must give just as auch 
attention to the aanageaent of the coaputer center as they do to any other iaportant part of the 
organization. The result, in some cases, has been an laproper abdication of aany aanageaent 
functions to coaputer center directors. Hho sets the priorities for the work done by your center 
was it one of the top three adainistrators in your institut ioii? In your school, does the "squeaky 
wheel** get coaputer services first? Do you hare a list of guidelines which were established by your 
superiors? 
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«y final general point is that we lust insure the privacy of the coaputer records of all 
individuals regardless cf the nature of their association with the school. The public is rightfully 
aggravated with the mistakes caused by improper use of the computer and the resulting inconvenience 
and trouble. flany are concerned about the possibility of a federal data center. Supreme Court 
Justice Williii 0. Douglas has statei: «The manner in which government pries into men's lives and 
fills their personal files with data of this sort makes the arrival of a federal data center a most 
dangerous event. "2 in designing computer izei systeao for administrative offices we have an 
opportunity and an obligation to demDnstrate to our students, who, after all, ar^ tomorrow's 
leaders, that ccaputers need not he fearei when they are used properly. 

What can we expect technically in the next decade for computer applications for administrative 
offices? tfe will surely see (1) significant improvements in our ability to deal with change, (2) 
new languages having «ore powerful instructions than these we are presently using, (3) sophisticated 
programs for aiiinist ra tive applications that can be purchased for a fraction of their development 
cost, and («) powerful programming aids that can be executed oa small computers. 

There are at least four different types of changes with which we must cope in Dur conputer 
centers: (1) changes resulting fron improved technolo-jy , (2) changes resulting from a shift in the 
policies of our institution, (3) changes resulting from the resignation and employment of new 
administrators, and (tt) changes resulting fro3 moiif ica tions in the eiucational system itself. At 
Purman University we have an I3H 1130 cooputerr a rather large orie as ll.^O's go, but we are having 
difficulty dcing all the work our a'i.iinis tration wants. Moreover, many schools are having siailar 
difficulties and will soon be forcei to upgrade their equipnent. within the last year or so, 
improved technology has made it possible for us to consider a wide range of attachnients to the IBM 
1130 to improve • its performance and also to consider many other coaputers as replacements for the 
1130. To illustrate the complexity of the probl<>a; among the systems that can reasonably be 
considered are the Burroughs 1700 series, CHI 1130, DSC neta ^, GA 18/30, Hevlett-Packard 2000 and 
3000, Honeywell 115, IBM System 3, 360/22, ani 370/115, JLoqicon 1130, SCR Century 100 and 200, PDP 
11/**0 an 1 11/^5, XDS Sigma 3 and Sigma 6. one of my greatest fears has b<=en that it would te very 
difficult to change computers because of program conversion problems. Fortunately, program 
conversion does not appear to be a significant problem now because the manufacturers are designing 
their software to ainimize conversion lif t icult ies. 

Advances in technology will also make it possible for small institutions to consider having on- 
line administrative systems. At Furman tor several years seme administrators have wanteJ such 
t>ysteas, but when they learned of the cost, they backed away. The low cost of the recently 
announced DEC DATASYSTEM 340, which lears 2S for as Little as $1200 per month and which provides many 
of the on-line features tnat administrators want, 1 i»»onstrates clearly that we must soon give 
attention tc cn-line systems. How much would it cost your school to convert its computer 
applications for administrative offices to an on-line operation? It is not too early for us to 
desijii our systems with the conversion in mind. We need to know what we will do with our batch- 
oriented systems when large data bases and time sharing become inexpensive. 

To ha effective our computer centers must be- responsive to sudden changes in policies, 
administrative personnel, and the educational system. As an example, in 1969 complaints and rumors 
that Baptist students were being refused admission to Furman, which is Baptist supported, caused the 
administration to give high priority to developing an admissions data base and suitable admissions 
reports. Because we had a generalized information retrieval system, it was possible for us to 
implement the essential parts of the system immediately. It was shown that Baptists were being 
treated quite fairly, and possible embarrassment and loss of funds were avoided. 

Changes in administrative officers of an institution cause complex problems for a computer 
center. A now administrator may want "minor" changes in the for» of various reports, but making 
these changps may not be minor at ail. Th^ management style of c new administrator may require that 
new reports be developed as quickly as possible for him. How can small computer centers with their 
limited staffs respond adequately in this situation? My belief is that we must make maximum use of 
recently developed new concepts of programming techniques to reduce the work of writing new systems. 
In his 1972 Turing lecture. Professor E.W. Dijkstra predicted: "...well before the seventies run to 
completion, we shall be able to design and implement the kind of systems that are now straining our 
programming ability at the expense of only a few percent in man-years of what they cost us now, and 
besides that, these systems will be virtually free of bugs."^ 

Most collage computer center directors have a horror story they can tall about the operation of 
their centers. My horror story has to do with printing report cards and with changes in the 
educational system. In 1967 when our first report card program was written, Purman was using a 
semester system. In the fall of 1968 a three-term system was introduced in which all courses were 
of equivalent weight (U semester hours), and progress toward graduation was measured in courses 
earned. The report card progran was rewritten, but we were clever. We assumed in rewriting the 
program that a monolithic course structure would not last, so we prepared for .5 courses and double 
courses. Within a year these were introduced, followed soon by pass-fail courses and non-credit 
courses. In 1971, despite vehement claims by administration and faculty that it would never happen, 
• 75 courses (3 semester hours) were introduced; we discovered that allowance had not been made for 
this possibility, and 'iwo man-months were used rewriting the report card program. Following this 
change the program was sufficiently general that after trivial changes, it was used by three other 
colleges. One task of the program is to apply a complex set of rules to determine whether a student 
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goes on acadeiic probation. Each year daring the existence of this version the probation rules have 
changed and the program was patched. The Xast patch in the sunaer of 1972 required nearly a nan- 
aontb and used a great deal of computer tiae for testing. Last aonth. May 1973, the probation rules 
were coapletely changed. Unfortunately, the prograa was written as one large aainline prograa (31 
pages including coaaents) , and it nust now be rewritten* 

How could all o^: this work have been avoided? I believe that the answer lies in aodular, top- 
down prograaaing. Structured prograaaing as expounded by Dijkstra results in reliable progra bs that 
are easy to aodify. Such prograns can also be generalized with respect to data bases. asing these 
techniques, it is ay opinion that the report card prograa cculd be rewritten so as to apply to 
alaost all institutions. Specialization of the program to a particular institution would require 
only simple modifications to soae routines. Mew insights into prograaming techniques are to be 
expected as we gain experience with Dijkstra's methods. 

In addition, advances in techniques for designing software can be expected, and these advances 
are likely tc be useful to those of us who are operating small coraputers. As an exaaple of 
improvement in software design, consider the Autosiatic Engineering Design (AED) system which was 
designed as a software engineering system. D.T. Ross* his stated regarding AED: "It is now 
possible for management to control the use of resources in software developaent. From the first 
prototype on, each stage entails ainimum expenditure to achieve a well-defined aoal.** The AED 
system includes an integrated, modular library of software components which can be'quickly combined 
to form a working prototype for a desired system. The resulting system can be operated on a trial 
basis, and suggestions for change can be solicited from the user. The suggestions are then 
incorporated into the system, and the process is repeated. Proceeding in this it'3rative manner, the 
system is developed. When the user is satisfi-^d, the system can be fine-tuned to obtain improved 
efficiency. The admissions system for Puraan was developed in this iterative fashion. Results were 
available as soon as the data were collectrsd, and the final system was both inexpensive and 
rosponsive to the needs of the admissions office. 

Daring the seventies we will also see colleges invest more in programming packages developed by 
other educational organizations and also by software companies. Why should we continue to redevelop 
administrative systems at our institutions when the job has been done elsewhere? For example, NLHE 
has just begun market ing' a. gene ra lized general ledger systea specifically designed for colleges and 
universities. The system sells for $1000, and NLHE literature states that colleges could not design 
a siailar system for less than S9000. Actually the system cost NLHE several tines their indicated 
minimum for developaent. In these times of financial difficulty for our eiucational insitutions, it 
aakes particularly good sense to invest in this and similar software packages. 

Colleges and universities are far behind business and industry in the purchase and use of 
general-purpose prograaaing packages and programming aids. In 1972, at least 28 different file 
management packages were being marketed and over 1700 installations had been made. All of the 
packages reduce the effort of developing software by providing generalized file management and 
information retrieval capabilities. A personal friend of mine, who directs a large business 
coaputer center near Puraan, told ae that acre than 60 percent of the prograaaing in his center is 
done with one of the packages. He claiaed a factor of 6 to 1 in reducing programming time and 
further claimed the resulting programs ran faster than ordinary programs. For small educational 
Institutions the delay in using these programming aids is understandable. How many of us can afford 
to spend $21,000, the average cost of these systems? As the seventies pass we can expect file 
management systems and prograaming aids like metaCOBOL to becoae less expensive and more of us will 
have the opfortonity to use them- 

The anticipated changes in the nature of software for college administrative offices is 
exciting to me. The intellectual challenge of developing structured program is particularly 
stimulating. I look forward to the time when we can do our work in a truly effective manner. 



iR. Van Dusseldorp, **Some Principles for the Developaent of Hanageaent Information systeas,** 
Wan^qeag^nt Inform^t^qn gysteag in Hiah gd ucQti on; The St^te of the ict, edited by C. B. Johnson and 
wTg. Katzenaeyer, Duke University Press, ~1969,'rpage 29. 

'CoE£uterizati2n of Government Piles > what Ilfia^ on th£ Reprinted from UCLA Law 

Review7 V cIT T57~5o.~5 (1 96 8) 7"Ia erica n Bar Foundation, Chicago, Illinois, page 1376. 

3E.H. Dijkstra, Jhe aaS^iS PE ogr a^aaer, Coaaunications of the ACH, Vol. 15, Ffo. 10, October 
1972, page 859. 

*D.T. Ross, "Fourth-Generation Software: A Building- Block Science Replaces Hand-Crafter Art," 
£2JEii^£ figSisiOiJS, April 1970, page 32. 
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SECTION V 



ADDITIONAL CONTRIBUTED PAPERS 



FRir 



THE COHPUTEa IH T BACHIWG— TEM ilDELY BELIEVED STTHS 



Alfred N. Bock 
University of California 
Irvine, California 



I Mill discnss here soie aspects of the coa^utec as an educational tool in many disciplines, 
ay teaching field is physics at the university level; however, I think that siany of ly findings are 
■ore broadly applicable* 

Hy plan is to reviev a nuiber of coiion myths about the computer in teaching* These myths, 
while not universally believed, are widely held. Within this framework I --111 try to indicate where 
we are and wherm we may be going with thf^ computer as a teaching tool. 



Literature aboat the computer in learning has correctly stressed that the coaputer can he used 
in two ways* Bitter students can do their own programming, using the computer as an intellectual 
tool - sometimes called the adjoint use - or students can interact with teaching programs prepared 
by others - the direct or mainline use. However, much literature tends to go beyond this, stating 
or implying that- a c hoic e must be made bet\ieen these two. During the p?.st three years some major 
developments In educationml computing have chosen between the tvo uses, making it difficult, either 
because of equipment of socio-political factors, to engage in the other approach, I see absolutely 
no reason why a teacher shoold be obliged to make this choice, satisfactory examples exist of the 
computer being used both ways, and so neither need be ruled cut on philosophical grounds. The same 
can be said abdut the many types of dialogs, interactions between teacher and student via the 
computer. Probably certain types will prove to be efficient for particular subject matter areas, 
whereas other subject matter areas may require different kinds of dialogs. 



Same of the more interesting teaching applications have come from schools with minimal computer 
equipment. Small standalone minis certainly do rule out some of the kinds of thiags that can be 
done. Thus, dialogs are aot possible on small minis; but many other types of usage are possible. 
The idea persists that one can start only at the lev«l of huge installations, but innovative 
teachers have shown it to be wrong many times. 



8hen stadsnts write programs for problems in a physics or mathematics course, the questions of 
tfhlch langumgs and how students learn that language become important* Arguments are often based on 
supposed easy learning of one language or another: thus proponents of BASIC often claim that it is 
very easy to learn, ny own experience indicates that the way the language is taught is much more 
important thmn the language itself in determining speed of initial learning. If a reasonable subset 
is picked, amd if reasonable ways are used to introduce the language to students, almost all 
commonly used languages are relatively easy for beginning students to learn and to use. In my 
opinion, diffsrsnces between initial learning mase have been much exaggerated. 



Vev edacational developments are often assumed to fit into existing institutional structures* 
However, it appears to me that the computer is almost certain, in the long run, to revolutionize the 
organiratiqn of schools and universities. The ability to provide learning materials at any tiime and 
at any pace# and provide self testing features, the ability to respond individually to students, to 
have access to large amounts of data, all these imply that the way schools operate are likely to 
change drastically when computers are widely used in learning. 

One interesting view of how this revolution might happen is presented in gduc a^j-gn agj te stac y 
(George Leonard). 




ojj-flust_Choose_Be tween pit ^ect and Adjoint Use of ^the^com^iitpr 



tHth_2i_Tga_aj|gt_Ha ve ttas3i,vt^Bqu ty?ft^ ^9 ^s^, ^^Q^^9g g^ ^og_jiP_gjMg^j^g. 



ttX^^^..,3a-Qaa^ Language _i g Mach _ gagier to y.eayn Th^q An ptj i^r 



avth U; Compu^^ry fi U ^^ e widely aged in Educ ation 
iiL-lr&sea t Qraanixatio pal structucef_of i^stitu^^ons 
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fll5]i-5l-AlJii5.2i"fi-l2ii£-BSSt_Bu2j[or.a_je^^ 

I feel strongly that educational users should never buy lod^^l 33 teletypes today! This is an 
old, unpleasaat device which types at a slower speed than students read. Its noise level is 
intolerable, particularly when several ire placed' in a single rooa. The argument for the economy of 
■odel 33 cao be challenged if the buyer takes intD account such things as aaintenance costs and the 
comparability of tecainals that operate at different speeds, 

llthoogh It is harder to give positive advice, in our own case we like both thermal printing 
terminals (which run at 300 baud, a reasonable speed for reading, and are pleasant and relatively 
easy to maintain), and the graphic terminals, which have the same advantages plus the very valuable 
capacity of drawing pictures under computer control, T believe that the future* for almost all 
educational use lies mith graphics. 



gy th 6- Compu ters Are T oo Expens ive To. U se In Teaching 

This issue is one of bookkeeping, with any new technology it is hard to know how to calculate 
costs, and comptttar centers in practice do this in quite different ways, (For example, existing 
time sharing syatoas quote a wide variety of prices, from .25 per hour to $50.00 per hour,) 
Furthermore, it is hard to make ccmparisons with the costs of other components of education, since 
these often reflect Tery different types of bookkeeping. It has been claimed, for example, that it 
costs more than $10.00 each time a book is chocked out of a library. Clearly if we regarded this as 
a direct cost of education, libraries might be considered too expensive, yet almost no institution 
takes that attitude today* I think that computers are probably now competitive with other teaching 
methods, but this is difficult to demonstrate. 

Regardless of what one thinks about the costs today^ the future situation is clear: of all the 
cost involved in the educational process, computer costs are almost the only ones going down in 
price. Thus teachers, books, buildings, and films are going up in costs while computer costs, 
because of a rising curve of technological development, are still diminishing dramatically; so the 
computer will become more and more competitive as a teaching device over the next few years. 



lii^^J7i_l^_W£_Xc3ui£e_A_CAI_L5n3Udae^^ 

Many computer directors take the aporoach that if seme language is available (i.e,, on the 
computer in an operational form) for assisting teachers in developing st udent~coa puter dialogs, they 
have discharged their duties to the teaching coraraunity. At one time COURSEWRITER was highly 
promoted in this way. Today PLANIT and TUTOR tend to be the ones that are advertised as available. 

Experience in many teaching applications shows, hcwever, that the availability of a dialog 
language, nc matter how good, is only a small part of the process of getting reliable and 
educationally \3seful teaching mat-arials on the computer. The whole problem of an authoring system 
— the way one persuades teachers to write materials, the full facilities provided, "the incentives 
for doing this, the use of secretaries, programmers, and other kinds of auxiliary people, the 
testing procedures, the gathering of feedback, and the preparation of suitable computer'-r elated text 
material — is enormously more important than the question of the language itself# 



j1yth_6; _PLA7O_a0|„aiXR5^&tg-59lyin,r.j_All_T 

The two large-scale projects now using the computer for learning, with massive government 
support, are PLATO at the University of Illinois and the litre Corporation project with courseware 
centered at Brigham Young University. Both have very interesting projects. To regard them as 
exhausting all the possibilities, of taking car« of every eventuality, however, is quite wrong. 
Kany interesting teaching materials that exist today could not be run on either of these systems. I 
think it would be unfortunate if the success or failure of these two large projects dictated all 
further educational use of the computer. In this regard I agree completely with Arthur Luehrmann's 
evaluation at the spring Joint Computer Conference in 1972. We need a thousand flowers, not just a 
few! So I hop9 that we will not all ju^ip onto the large projects* band*wagon. 



!lJ^k-2i^I^id.Ii3i£l£i2!UlJ9^£ili.Cafi.jgeJ2eveio£ed 
«i th ou t I n vol v^n g ^e x j , e n ce d Teac be y s _ I n , The A re^ 

Teaching Is still teaching whether done by computer or by any other device. My experience 
shovs that really effective educational materials are still coming, in spite of talk to the 
contrary, almost entirely from those ^ho are very much involved in the teaching process. The 
intellectual structure of every discipline is different, and the tough question of fundamental 'lals 
cannot he resolved in any simple, quick way. Vhile computer scientists and edr ci. ^al 
psychologists can help develop learning material, I do not believe they can do it alone. 
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flXlil.iai«!L!l£-CoB£uter.Used_Ed ucati^ 

is often said that student usg of computers requires littlA cere, ar.i little CPU tii*>. 
«hile see .aterials exist for ^hich this i« the case, .any^ existin, ^xa^pl^s indicate quite ; 
contrary situation, Soie of our nore effective teaching prograas at Irvine ar« v^rv lona — <,nm^ 

lllrlllV^'lil ''^ s"uctu?;s. "A'nl'"lo.e 'are 

extremely demanding of the computer ia t^ras of computational and I/O facilities, in <?ome cases 
Villi the abilities of current time sharing, and so som/proara.s Icck to.ard faster 

-In?!!? ° It* future, so planning of computer use in teaching under the assumption that the 
minimal ccmputer resources are required is dangerous. 

.^coJ™*?Il^''*'^!^^^r w^""^^. P''''''^^^ * further from these myths to other commonly held 

^nfnro^ri e^-^ ^""^ indicated some of the mere important ones to take into account fcr the 

future. In spite of these myths, the future is promising for the computer as a learning device. 
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UHTIL THE OPGHADE — WAKIMG DO 



L. D. Hisek 

Vassar College 
Poughkeepsie, New York 



flan? of us — who now An the seventies teach computer applications within modestly equipped but 
scholastically stable Liberal Ar^s settings — find ourselves speaking prescripti vely, and *ith a 
sense of cleat structure, about past projects which honest recall would have to reconstruct as 
having been igss than "weli or^^ized," in order to arrange discussion topics in a concise, 
learnable, and, we hope, leaorable sequence, we use hindsight to impose e. certain elegance upon our 
recollections of the planning, testing, and judgmental phases ot our own past Qfforts7 

Wher B doctoral research, for example, was undertaken at a fairly large sized University endowed 
with a variety of experimental and constantly altering computer constellations, along with 
relatively hospitable policies toward "do it yourself-ers," but f9w formal courses in humanistic 
computing, trial and error was a nost frequent handmaiden to rational action. Wheth^^r applying 
computational techniques to literary, psychological, philosophical, or other typ«s of scholarly (but 
not directly latheaat ical) pursuits, an involvement in applications (or in applica tions-sof tware) as 
opposed to systems programming, for instance, seemed to deal to us a more than common measure of 
uncertainty, one was neither mercilessly claaped into a single small system unsuited to the work, 
nor mercifully assured that the given systems which were up, running, and accessible a given day 
would be available th>i next — due to exigencies of run-cues, non-coaaercial maintenance, and 
funding. in the late sixties (as, perhaps, in the fifties for hardware and the early sixties for 
housekeeping software) applications-users were unwise to identify their research goals too closely 
with particular devices. 

There were few signposts to the "right** machines to handle the "right" jobs; indeed, then as 
today, definiaa aSils was quite a job! Then as today, the applications-user had to improvise. Tn 
special ways according to our special tasks, we developed a hard sense of how to make do. 

Even this description, which I have attempted to depict as rough and ready rather than adept 
and sleek, conveys a false romanticism. flaking do often meant starting again. Projects were 
commonly scrapped in aid-course; deaUines were scandalized; counselors wielding "schedules'* were 
frought with frustration. I do concede, then, a real distinction between aaking do, and really 
52iaa ISli* And most of the results we use in lectures or report at conclaves represent what we 
feel we did relatively well once we had isolated the most useful ways to use machines, and buckled 
down to do the work. He arrived there, however, by trying out a lot of things. 

The knack of mak ipq which represented adaptation to abundant but mutable and non-specific 
resources can also be a major asset in a small Computer Center with severe restrictions on resources 
and a clear cut need to upgrade* It can even be a staple* 

In speaking of the "small college Computer Center*, I refer not to the size of the school, 
certainly, but to the status of the Center. In a sweeping simplification argued by the brevity of 
ay text, i presume the saali center is one marked in some vital aspect as functioninrj in an 
SiLialiisia capacity. ISither as aajoriess, interdisciplinary, non-credit, experimental, or entirely 
elective — or in any combination but usually at least one of these "informal" capacities — most 
small Centers operate on borrowed credits or on borrowed equipment or on borrowed time. Any such 
system should be expocted to need an upgrading^ a pulling together, or an expanding; whatever will 
most successfully integrate the Center into the community (scholastically) while maintaining the 
autonomy cf its preserves and talents. 

The types of needs for upgrading of hardware and software (not including enlargement of 
personnel structures to program, teach, research, and oversee) are almost too various to mention in 
summary fashion* But, on-line input stations, off-line data list and punch devices, versatile 
print-chains, core memory expansion, partitions for multiple users, complex-level compilers, and 
load reducing auxiliary storage are among them* Whether the "very small* Center is attempting to 
graduate from desk-top memoried/calculators to rented terminals, or the 'medium small* Center from 
hard-copy teletypes to cathode-ray displays, or the "ample* small Center from single-user batch 
processing tc parallel batch or time-sharing augmentations (or..* the reverse!) — the uh/Jer- 
expanded facility which is unable to meet a good portion of user demands^ or to increase the number 
of its users in accordance with demand; is equally as needful of the pioneering zest for invention 
as is the afflaent. 

Where material resources abound, an aggressive, exploratory spirit may be expected to prevail 
by dint of ample opportunity. But in the minimally furnished setting, several types of apprehension 
militate against inventiveness, and often foster a malaise or disaffection which inhibits growth and 
learning. 
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I:t,-Glori£ied_Pdsts^„and Utopian p utares 



Hhat are soie of the factors which can inhibit a creative and ingenious use of resources while 
waiting for upgrades? 

(a) I have mentioned the likelihood that cla«srooi teachers lay quite innocently liiit the 
perspectives of their studfints by roaanticizinq prior efforts launched at larger installations. It 
seeis natural that those who teach computer applications in an acadeiic setting will show 
preferences for certain types of equipaent based on personal experience in their own research. In 
the small Center, it is likely that the research backgrounds of the personnel — acquired in the 
context of the University advanced degree prograi, or within the Computing Industry itself — will 
vary greatly and reflect cUverse concerns. Based on the understandable biases which accoapany 
faiiliarity, and, hopefully, soae degree of foraer (if soaetiaes exaggerated) "success** on a systea, 
we can expect to find soae tiae-sharing and soae card-systea buffs at the lecterns; corresponding 
aX§laa§# however, aight not be in us<^ at the Center, 

(b) One substantial danger In this type of nostalgia is the direct effect that students 
captivated by • ideal* portrayals of other systeas, but soaewhat naive of their pitfalls, aay despair 
of doing interesting work on the equipaent in their Center, Or, indirectly, and not consciously on 
their part cr on that of their teachers, they aay be encouraged to develop a siailar reverence for 
particular devices currently available, to the <ixclusion of the other systeas or aaterials, however 
aodest, which are also present in that very Center. If a teacher, then, seeas to have "survived" 
solely because of a particular system, the student aay develop parallel rigidities in attitude, 
unwarranted dependencies on certain systeas without ample exploration. 

Sadly, whatever the systea status or size, internal snobberies and loyalties to only certain 
devices or programming languages can bring on preaature stylizations and stifle creativity. On card 
systeas, fcr example, users can control the rate of input preparation in accordance with their 
scheiules (for producing cards); line-printer output, even if vcluainous, is rapid; and intermediate 
processing is rarely open to interruption. On tia*?-shar ing terminals, speedy and contiguous input 
is d^isirable; output is "relatively" slow on the character-printer; but, interaediary processing 
can, interactively, be int*>rrupted or rerouted by the user at his keyboard* The batch, or card, 
system is cptiaal where the output docunent is lengthy and "independent'* of context; time-sharing 
serves the user best where the output production is not great in l*?ngth, and highly sensitive to 
(interactive) context. Yet, there are tiae-sharing af f icioaados who will sit before a character 
printing terminal (TTY or CRT) for twenty-four hours^prln ting^a "key word in context" concordance, 
and others who will attempt to program extonsive Computer Aided Instruction sequences on card 
systeas, waiting hours, Uays, or even i we-?k for'the printing of the next brief teaching "fraae, " 
even though both batch and time-sharing systeas are available in the same setting. Mow, in the 
spirit of creativity, such stout hearted attempts aight be applauded up to the point w.Kere health 
gives out, and the Computer Center gains an ugly reputation for wearying its students out of doing 
other coursework. The student who has not frozen his interests onto a particular device, but, 
rather, stayed 'light on his feet», will thankfully give up his pet machine, abandon whimsy, and 
move on, reshaping goals or switching to new systeas. 

(c) If we can characterize the two types of bias reflected in classroom instruction and student 
response as prejudicial against systems "Mot Invented Here" (or there!) (HIH/T) — then we might 
speak of fixation on the Jinattained as representing the lasient of "Not Invented Yet!" (MIY) . This 
is the treacherous conviction that o£l^ f uturii iHstejas can rpsolve present problems. Whether 
"future" stands here for "larger"~or just some how"" hotter" systeas, we are all familiar with the 
plaint that researchers cannot begin to explore fields of inquiry., .'students cannot fulfill their 
assignments. .. teachers cannot even preview a topic ...because only the proverbial machine 'around 
the corner* will suffice. The humble dodging of productive use of an environment as it now s tand s 
can v?ry well he innocent, and is most often tinged with fact, since industry announces systems far 
more grand than we are likely to enjoy in academe. In all fairness: programaing instructors do 
often find their lectures confcunded by the present levels cf compilers; text- processing teachers 
are frequently circumscribed by diminutive on-line storage, and minimal disk, drum, or off-line 
reserves. But are these limits not the hard realities around which the user must maneuver to be 
able to explore, if not complete, sophisticated or broad projects? 

(d) Unfortunately, it is particularly in regard to faith in future prospects that the 
iH££.itU£e can be misinterpreted to suggest that present efforts not be modified, but virtually 
halted pending the advent of millennia. There is a euphoria found in the scholarship on user- 
applications, which can wash out the advantages of what is now at hand. 0hc would deny, as «e read 
humanistic journals, that . a fully expanded character-set (up per/lower- case with underlining, 
boldface, italics, and even multiple type-fonts) could be superior to the upper-case alphabet alone, 
with just a sprinkling of punctuation symbols? who might not prefer to teletypes, on-line 
upper/lower -case display screens with graphics, hard-copy options, and a spooling of extensive 
output to run background or third-shift on line-printers? Scholars who describe such systeas often 
give the users in small Centers a dire sense of poverty, labouring as they are over 026 or 029 
keypunch machines, and this at times in a separate building (library or technical department) 
physically removed from the Computing Center. Where some scholars extol the virtues of part;icular 
advanced devices, even aore Utopian are descriptions of the aini-aachine rooas, with tapo-casette 
pre-processing data depots, CRT graphics output alternating with line-printers (upper /loafer -case, of 
course) and on-line siaultaneous production of aagnetic tapes which drive a photo-typesetting 
dovice. 
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II » P ra cti cal Present s 



I proceed on the assuiption that while titillating, optimistic, and aouth-watering, highly 

expanded user systems are not likely to be very soon bestowed on the snail Center, which I have 
defined as genuinely needful ot an upgrade at the level of its "staples." Again, I speak not of an 
engineering subgroup in an aaply endowed, smallish school, but of a small and growing Center in a 
non-technical setting — one in which a "dedicated" system under funded research is not presently 
developing, 

I refer to the bootstrapping Center, modest in equipment, but imbued with faith and 
fervour., .arising from experiment, an academic venture first initiated through the Payroll people 
(in nerve, and temperament, a class of saints! )... springing from Mathematics. .. flirting with 
Humanities. .converting by inches. .. tolerating., . being to lera ted, .. influxing. emerging with a 
humanistic ethos paralleling the statistical. finally integrating as full-fledged, somewhat 
"ostablishec:," credit-giving course complexes in their native colleges. .. at tracting students, 
teachers, researchers, whose numbers and enthusiasms strain the systems, ^^chedules, personnel or 
budget. ..and eventually experiencing a need to upgrade and expand. 

What ar«» some practical ways, without recourse to bias or escapism, for the •small" Center user 
^° S^lLi ^2 while Waiting for upgrades? 

He can sgA^H for a suitable medium, by experimenting with a small sample of relevant data, 
encoding and processing it on each of the available systems within the Center. 

He can SUBSTITUTE where necessary, by creating code-conventions to stand in for missing 
symbols, and abbreviations or notations to place-hold for lengthy terms and complex concepts. He 
can break up lengthy programs into separate modules brought successively to memory from disk or tape 
to process serially altered data groups. 

He can MODEL, by scaling down projects initially, to provide the opportunity to finish thorough 
pilot stuiies. If text-processing must be accomplished on a TTI, he can narrow the line length or 
'KWIC fields; if batch must be used for CAI performance, he can find ways to use single "frames" to 
illustrate if not perfect the feedback precept more easily implemented on an interactive system. 

He can IMPROVISE, by splitting up projects among different systems, using hybrid methods to 
process a project by "chunks," alternatively on batch or time-sharing (and by hand or using off-line 
assistance through printers and sorters). 

Finally, he car. ABANDON the project which seews doomed for want of specific devices, just at 
that happy sta^e where a progress report and prospectus can be as illuminating as a relentless, ill 
fated, dogged attempt to 'see through* the unfeasible. 

These are only very local examples, of course, of the types of malting d[o which are invented 
daily in the small Computer Center. More inviting of discussion are some~general, or theoretical, 
considerations {cautions and assurances) concerning coming systems and our common need to upgrade. 
Offered merely as the observations of just one investigator, they invite readers' expansions: 



It. yE3ia44M^*^ll>ke_crucial. 

By the very self-help nature of the small Computer Center, most improvements will mark giant 
steps. No systeo which functions for only a small fraction of applicant users — no matter how 
talented or productive this group aay seem — can fairly serve the academic setting. If, for 
example, a dozen students need vie fjr one keypunch, wait all night to snatch their time at 
terminals, or consistently (they claim) miss iteals, "social life," and preparation for their 
courses (a touch of £ove£tjc is, of course, starch for the soul!) — then the systom surely must 
be substandard. It would be folly to expect the teacher to make interesting and instructive a 
field of study in which supporting equipment or software ^failed consistently, and, accordingly, 
a sense of superficiality or sheer futility spread wide among the students. It would be unwise 
to expect that an instructor could embody perseverance, wit, and industry, if scheduling or 
budgeting prohibited more advanced investigations than were normally presented in the classroom 
lecture. It would be ultimately unfeasible to simulate, through overly lengthy or complex 
chains of programs and procedures, the essential strategies and the economies which maUe 
computing meaningful. 



2i. ynlii.yoil-42^Silx-^a!Lfi«32i 

For the students who do have present access — in pursuit of programming or applications — we 
as teachers in ssall Centers can provide examples of creative usage and inventiveness. In a 
literary study* as an instance, where analysis of textual style is paramount, data cards sorted 
by hand on a table can ho preferable to on-line sorts discarded due to access problems. For 
the programmer, the sort cannot be bypassed, since the sorting algorithm, programmed and 
debugged on-line, comprises the essential task; but, here, the actual use of program output for 
language study can be summarized rather than extensively developed. Certain stages in a 
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project, generally, can be suggested, sketched, or siialated, with one crucial phase allotted 
closer treatient in accordance vith resources. ^ 



ia. 3§ leilBSS^sa be_i odeled . 

If we, as teachers, wish to co«»unicate and wish our students to appreciate — the 

significance of coiputat ionally assisted stulies, we are lore likely to succeed through a few 
well ccDsidered results (aiaittedly gualitied by liiited tools ot inquiry) than we are by 
ceaseless explanations as to how a technology can both be a larvelous aid for the scholar, and, 
at the 9aB« tiae, soiehow not guite ready for use. 



It seeas lost unlikely that future systems will be addressed to probleis as presently 
conceive thei. HoveUy invites distraction, and with an upgrade we will no doubt find new 
problems to worry about and new proj»5cts to dreaa on; find that our deadlines have passed; and, 
hopefully, find that our goals have ttatured. Therefore, we are obligated to aeet present 
problems in the present. 



I rest my cese for w akin g do on the following quotes, which, though written froi the point of 
vi^w of business applications, seei to ae especially proph-itic for the academic setting* I hope 
that these reaazrks aight wink out at ay audience as they do at ae, expressing soae of the lighter 
cruelties of the profession, our dissatisfaction with the • present* and with what we aight call 
•futuTt^ presents': 

"Soon after the coaputer becaae technically reliable, it also became obsolete. For better 
coaputers were now on the aarket-"* 



Hight we not apply the ironies of business applications to horizons in the Liberal Arts? Ky 
aain if brief thesis here is that we often await software and equipment which aay allow us in the 
future to coaplete in part the tasks we fully conprf^hfsnded yesterday- This I take to be the flavor 
of the first quote. 

At the saae tlae (second quote) , along with the expansion of our resources we can expect to 
have delivered to us elongations of our own goals: typical revisions and revaapings which (with all 
the circularity of Sisyphus, and the toraenting stone which is aost likely to descend the aore it 
cliabs the peak) force upon us the dileaaa — can we ever reach the "top"? 

My recoaaendatlon has been that we aake ^o in our own tiae. Most saall Coaputer Centers do 
enjoy the privilGg«3 of having, at least in soae areas, facilities expanded beyond those of other 
Centers with equivalent educational concerns. it seeas iaperative to be as productive as we can in 
un-upgraded work enviroDaents, to think as creatively as possible within the present, to avoid 
chauvinisas and 'device fixations', to encourage adaptation, and accept needed iaprovements to our 
systeas (should the funds begin to flow) as fortunate returns on prayers > and not essentials in our 
El^ns. 



C onclusion 



[ but* . . ] 



"Eash succeeding generation of coaputers seems to teach businesses to operate 
faster." ' 



slower 
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[the author is Assistant Professor, Coaputer Science Studies (heade/i by Professor Winifred A. 
Asprey) at Vassar College, Poughkeepsie, New York. Vassar's prieary coiDputing resources are a 32K 
360/30 single-user batch (cari) systei, four remote APL- terminals into IBH equipped facilities in 
Poughiteepsie, and a genius of a Director, Ideas discussed here are a composite of iipressions drawn 
frcii present teaching experience at Vassar, and earlier investigations at other institutions, 
AcRnotfledgient is especially due Prof. Edward L. Glaser, Chairian, Case Western Reserve University 
Department of Ccaputing and Inforiation Science; Stanley Curry, past President, Chi Corporation; 
Dr. Robin B. Lake of the CHRO School of Medicine Depart nent of Bioietry; and Hichael Luton, 
Director, CHHU Center for Continuing Education; for enriching opportunities as Graduate Assistant, 
Consultant, Research Associate, and Instructor, respectively. References: ^Autoiated Contextual 
Analysis of Tbenatic Structure in Natural Language" (A,R, Jennings Report 1103, CWRU, 1970); 
"Chronology and Character: a Computer- Assisted Study of Satan i:i Paradise Lost" (1971 Midwestern 
Modern Language Association Conference); Coa^Jitisa 1 GSIlieit: StJleT Structure, and the Self-lB^e 
2f Satan in £aialise Lost (1971 doctoral dissertation, CHRU, under Dr, John s7~ Diekhoff ) ; context 
Coac3£dance to £aradise Lost (i.R. Jennings Computing Center, CtfRO, 1971) 

»In one Vassar aarathon, five students jointly keypunched a 2000-Mord card dictionary, and hand 
sorted this box-length deck in two hours, having estimated that the intricacies of human 
comaunica ticn and the required transportation of data could take two veeks on the system, since 
this stage of psycholinguistic project in automated recognition (of semantic patterns) seemed 
largely clerical, the amount of potential learning involved in automation at that stage seemed to 
them inequitable. They were in this particular case pursuing results as defined by their goals (and 
achieving them!) - through the hand/eye coordination which became encoded as, generically, "gorilla 
worlc." Later in life they will encounter th-? method professionally dubbed as "quick and dirty.»« 

^Mumford, Bnid, and BanKs, Olive. Th* Coraeuter and the Clerk (Lcnion: Routledge and Kegan Paul, 
1967), p. 59, a description of initial stages in the'iaplelieii ta tion of computing facilities at the 
Royal Exchange Bank. 

^srnith, P^ul T. Coifiuters, Systems, and Profits (New York: Aitv?ricaii Management Association, 1969), 
Dedication. " 



A££endices 

The following three pages illustrate conversion of a context-concording algorithm from a large- 
scale computing facility to a saall College Center. The Context Concordance to Satan in John 
Hilton's Paradiga t2St is represented in three formats: " 



A. (1969-71). 

Upper/lower-case Harris Intertype FOTO transformation froD a magr;etic tape produced on CWRU/Chi 
Corporation's Univac 1108 (132K) running under Rxec-IV. The original progran, CRIC-8 ("Cross- 
Reference-in-context-for the 1108") was coded in Algol-60 by Hilliam Cornwell (Case,~~7Tr"with L* D. 
Hisek. CRI C-a runs as one module, in approximately 2.1 minutes, for the roughly 8000-word data- 
base. 



B. (1972-73). 

Adaptation of CRIC-8 for a smaller system, in a sequence of separately executed program 
modules, cod«d in PL/1 by Thomas Mylott III (Vassar, •7tt) with L. D. Misek, as the '•Vassar 
Concordance Generator" (VCG) . while only samples of the data are represented here, the complete 
flOOO-word data-fcase (apx.) was context-concorded and printed in just under 2.5 hours, on an IBM 
360/30 (32K) system, dumping the output from mag-tape to printer. The all upper-case (U8 character) 
print-chain is augmented by coding conventions sufficient to transcribe all punctuation and special 
symbols found in the original. 



C. (1973). 

Time-sharing adaptation of context-concord ing algorithms, seeks and displays wcxds selectively. 
Program in APL is written by Rexford Swain (Computer Center Intern, Vassar, "74) wi'ih L. D. Nisek. 
Vassar' s four APL-terminals tie in with S.E.C.O.S., a Poughkeepsie based not-for-profit educational 
support group (Rebecca Villis, President) . 
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APPENDIX A. 



CONTEXT CONCOnOANCE TO SATAN 


COTTRICHT O I97t BV L.O MISEK 
- 






2S FEB 


71 




^AOE 12t 


•llsv'al to maift to our tyccttt. I 


bring, a Which of us who baho 


7 


MVH— 6 SAT/RL 


TO MSftCHf 


1 


1 4 471 


7 


rn not bicli ptrvtnt. • Bui Ihti t 


doubl. no*avar wtlnait Haava 


6 




SAT/RL 


TO FOLWRS 


2 


2 S ftSJ 


3 


• For Joy o( offtr'd piict: but I 


auppoaa a |t our proPotali on 


9 


KVH— < 


SAT/RL 


TO FOLWRS 


3 


3 6 617 


7 


A hit fgm • Can •tia Infllcl do I 


rapani or changa. a Tnougn ch 


10 


HELL-1 


SATAN 


TO BCELZ 


2 


1 1 96 


9 


s parhapa • «M)atl (jnava him. il 1 


fail nol. and diilurb • Hia i 


It 


HELL-t 


SATAN 


TO eCELZ 


3 


2 2 167 


6 


•van(2) • What m«tl«r whar*. if 1 


ba all 11 lha aama. • And wnal 


12 


^LL-1 


SAT.W4 


TO BEEt.Z 


4 


3 3 256 


S 


I ba alltl iita aama. • And wtiat 1 


ahouid ba. all bul lata t^an 


ir 


::CLL>1 


SATAN 


TO BEELZ 


4 


3 3 257 


3 


our. though oPpraal and tali'n. • % 


glva not Haa«:r.{2] for lost. 


19 


HELL-2 


SATAN 


TO COUNCt. 


1 


1 1 14 


1 




ahowtd 111 bacoma |h<a Tnron 


IS m£ll-2 


SATAN 


TO COUNCL 


2 


2 2 449 


2 


• from attampririo Wharafora da 1 


attuma • Thaaa RoyaMiaa, an 


16 


HELL-2 


SATAN 


TO COUNCL 


2 


2 2 450 


6 


• AgatnsI a wahaful ' , wftll* 1 


abroad a Througi all tha coaa 


16 


^LL>2 


SATAN 


TO CCJNCL 


2 


2 2 4«S 


6 


• To yondar GalatT th «h lh«« X 


Man i'j 9ata . • Tnal ba atiur 


IT 


QATE>2 


SATAN 


TO DEATH 


1 


1 3 664 


« 


da • «hal It inlandt. vill ftral 1 


kno« of lhaa. ■ mial thing th 


It 


GATE-2 


SATAN 


TO SIN*0» 


1 


1 4 740 


C 


thai Phantatm cali'tl my Son? • 1 


know thaa nol. nor avar aaw 1 


18 


GATE-2 


SATAN 


TO SIN«OT 


1 


} 4 744 


i 


UAforasaao. ui'iinougM— ot. know • 1 


COTtm no anaaiy. bul lo aal fra 


16 


GATE-2 


SATAN 


TO SIfHOT 


2 


2 5 •23 


1 


with ui irom on rush from lha.-n 1 


go a Tnit uncout.i ar.and aola 


19 


CATt-2 


£ATAN 


TO C:»UOT 


2 


2 S 876 


9 


n iMa mora aacral now datlgn'd. I 


hatia • To know. a«<tj Ihit one 


18 


GATE-2 


SATAN 


TO SINHJT 


2 


2 9 6^6 


7 


yaa. • Chaoa and anciani NlgOI. I 


coma no apy. • Milh purpota 1 


2\) OiAO>2 


SATAN 


TO NGT+CH 


1 


1 6 670 


^ 


•. and without oui^a. halt lotl. X 


Saatk • What raadiail path laa 


20 CHW-2 


SAT Mi 


TO NiiT+CH 


1 


1 « 975 


7 


aasas lately, thiiner to arriva • X 


tr^val Ihli prstound. difacl 


20 


CKaO-2 


SATAN 


TO WT+CH 


: 


1 6 980 


1 


« it brlnga • To yuvtr bfhaol. II X 


that Raglon tost, a AM uiur 


20 


CHAO-r 


SATAN 


TO NGT*CH 


1 


1 6 982 


9 


orba Ml cholco to dtxatf; • Tfi«t X 


mMf find htm. and wilVi lacral 


21 


SUN — 3 


SATAN 


TO URIEL 


1 


1 1 971 


2 




call, a But with no frlandly 


22 


ERTH-^ 


SATAN 


TO StLF.1 


1 


1 1 35 


7 


nama • 0 Sun. to tall IFm* ho* X 


hala |hy baaait a Thai bring 1 


22 


ERTH-4 


SATAN 


TO SELF.I 


1 


1 1 37 


7 


my raina.Tibranca froo wnal »iaia • X 


fall, how gloriout ofiZ* aduvv 


2: 


CRTH^ 


iATAN 


TO SCF.t 


1 


11 SO 




• Vtom m%. «noa ha craaiad »h«l 1 


«aa a Xn tnat bi tght aminanc* 


-.':2 


EHTH-4 


SATAN 


TO SkUf . 1 


1 


1 1 43 


7 


t but fRaitca. ttllad up ao higrt • X 


'Bdalft'd Jubiaction. ano ihou 


22 


ERTH-4 


SATAN 


TO SILF.I 


1 


1 1 60 


1 


o awa. • Forgallut what from him X 


alill racaiv'd. a Antf Undaril 


32 


ERTH-I 


SA7AN 


TO SELF.1 


1 


1 *. 64 


9 


• In'd • Ma aOHta tnlanor Angat. X 


had atood • Than hapoy. no un 


22 


ERTM-4 


SATAN 


TO SELF.1 


1 


1 1 8C 


8 




fly a Inflnlta wrath, and inf 


22 


ERTM-4 


SATAN 


TO 5ELF.1 


t 


1 1 71 


6 


nd inflnilt datpairf • tNhtr.h way k' 


riy l6 Hal 1 : a-ytal f am Hal 1 


22 


ERTH-4 


SATAN 


10 SEtF.f 


1 


1 T 76 


S 


apana «id«. • To whtch ina HatI X 


auffar aaama a Haavan[2] « 


22 


EflTH-4 


SATAN 


TO SELF.1 


1 


11 .76 


6 


amOftg |ha Spirit* tanaath. wf^on.' 1 


aaduc'd • With olhar Promnaa 


22 


ERTH-4 


SATAN 


TO SELF.1 


1 


1 1 M 


6 


aunt* • lhan to aubntK . boatttng X 


could aubdut a That2| Onnlpo 


22 


ERTH-4 


l^TAN 


TO sctr. 1 


1 


1 1 89 


S 


a. ihay Ittlla linow a How daariy X 




22 


ERTH-4 


SATAN 


TO SELF.1 


1 


1 1 67 


9 


. • Undar what lormanta Inwardly X 


groan: a wnila lhay adora na 


22 


ERTH-4 


lATAN 


TO SELF.1 


1 


1 1 66 


6 


high advanc't • Tha lowar ailll X 


tail, only auprama a In m*l3r 


22 


ERTH-4 


UTAN 


TO SELF.1 


1 


1 1 61 


4 


h icy Amnion Mnda a Bui lay X 


could rapani and could obtain 


22 


ER7H-4 


&A7AN 


TO SELF.1 


1 


i 1 »S 


3 


a. a And haaviar tallt to ahould X 


purchaia daar • Short inlarmi 


22 


ERn*-4 


SATAN 


TO SELF.1 


1 


: 1 101 


6 


aa far • fiom granitng hatl|. at X 


fan ba^gliis Paica All hdp 


22 


ERTH-4 


SATAK 


TO SELF.! 


1 


1 1 


6 


Einplrawlth Haa»an'i(3) King X 


hold a By lhaa, and «Mra than 


22 


ERTH-4 


SATAN 


TO SELF.1 


1 


11 111 


6 


al no purpoa'd foa • Tn you whoa X 


could pi ly thua lorlorn a Tho 


23 


ERTH-4 


SATAN 


ro SELF 2 


1 


1 2 374 


4 


could plly Ihua lorlorn • Tnough X 


unpiliad. Laagua «l|h you I 


22 


ERTH-^ 


SATAN 


TO SELF. 2 


1 


1 2 378 


2 


gh J unpitlad: Laagua «*llh you X 


aaak. a An^ aulual ami ly ao a 


22 


ERTH-4 


SATAN 


TO SELF 2 


1 


1 2 376 


7 


wlty ao alrait. ao Ctota. • That X 


with you muat tfwatl. or you r 


22 


ERTH-4 


SATAM 


TO SELF. 2 


1 


1 2 37T 


2 


r'a work; ha Qava tt laa. • Which X 


aa fraaly glva: Hall ahall u 


23 


EKTH-i 


ImTAN 


TO SELF. 2 


1 


1 2 361 


2 


or him who wrong'd. • And thould J 


at ycur harmlata irinocanca a 


29 


ERTH-4 


SATAN 


TO SELF. 2 


1 


1 2 366 


3 


ur ha.'«iat» tnnocanca • Malt, aa X 


do. yal public rtaaon |uat. a 


29 


ERTH-4 


SATAN 


TO SELF. 2 


1 


1 2 96t 


3 


• To do what ataa though damn'd X 


ahould abhor . * 


23 


ERTH-4 


SATAN 


TO SELF. 2 


1 


1 2 362 


7 


fill a or bllaa on bllaa. vhlla X 


to Hall am fiiiutl, a Whara n 


24 


EnTH-4 


SAT/N 


TO KLF.2 


1 


1 3 S06 


6 


aa; a vai |«| ma not lorgat «hal X 


hava QSln'd a From Inair own 


24 


EflTH-4 MTAN 


TO SELF 3 


1 


1 3 612 


7 


on to toul*d • Thatr rutnl Ha.-sca X 


will oistla lhair mindt • Wl 1 


24 


EflTH-4 


SATAN 


TO SELF.) 


1 


1 9 922 


4 


V ■ Bui firal with narrow aaarch 1 


muat walk round a Thit Carda 


24 


CRTH-4 


SATAN 


TO SELf.S 


1 


1 3 526 


6 


ehinca but chir;a may ia:)d whara X 


ray maal • Sor.a wand' ring Sp 


24 


ERTH-4 


&ATAN 


TO SELF. 3 


1 


1 S S30 


6 
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&a.As- 

,BO«AS 
BO.AS 
4CUAS 
BH.AS 
RO.AS 
.BO .AS 
.BH.AS 
»80.AS 
»60«AS 
»BO.AS 
»RO.A$ 
»BQ«AS 
.bQ.AS 
.AO. AS 
• Pv^.AS 
.i!{l.4S 

.no. AS 

.Bn.AS 
.HOtAS 
.^lUAS 
.>V)«AS 

»ttO,Av 
.9". AS 

,«n.A^ 

► bO.fc'^ 

.Hfl.A'. 

►SO. AS 
>bJ. AS 

.ri.Af 
.ttO«AS 
.40. AS 
.fiO.AS 
.8Q.AS 
.«0«AS 
.t>t'. AS 
,.;*f^.AS. 
»hU*AS 
»hO.AS 
.tt'^.AS 
MO. AS 
rf".AS 
G: .AS 
An.AS 

•en. AS 

Ar./is 

AO. AS 



.A'). AS 
UAO»AS 
l.AJ.AS 
i.AO.AS 



XAl ELIEP CAN FNSU^^♦• i cip^T WITH NARROW SFAPCH 

143 E UNSPI'D, . t A* CHANCE i'UT CHANCE «Ay LEAD XHf-Hl 

147 VE* UHll? YE -^AY, 6 YFT* H«PPY PAIR,. ENJOY, T|Lt 

l«7 € IMP* 

10? ST IS H'AV'N* Th»»1 '"';Th»'^*l tlf WTSE, fi AND* li '-H 
nKPFNSE t n !LK» •'ITH DEI.l^HT, ^HlCM Iti TMIS PLACf 

207 HAT IMPCICS NOT VKLtNC^ Hp ;-iAkH»M S M Wtl • THAT 

208 FP'JH PAIN, f. INSuiriNC* A^CF.L, • NELL Th^J ^^OW•ST 
217 G THROUCW* WAV, OANC^W HY HIMSELF ItKTHnO^ ». 
217 AYS OF OA>*GF« »Y h|h»>PiF UMOJio* S I* rHFRJ-EHMF, 
228 C CirHFN* UH'\ 
2S0 AIL SUV*>*»0 UP IN HA»,*. r. VI FH* WHAT Ofl I'^HT CxiUlli 
a*l hHAT DELIGHT COlun HAVt HALKF THCE naj' .- f. rF» 

254 UPEST» CkOWH'j), i R!JCK^», OFNS»t AND CAVhS*,. PtJl 

255 fc L'F THFSF fc Fisr»* PLAC<^ tjA PFf»JGE,. ANO TH^ MC"F 
2W F HOPF I* 5C»i », Pl»ASU«t-S* ABvyr «£, SO •K/CM "Owe 
?bO tiUi^SF »>nuir BE *y STAT' . HuT* NflThFo HE^r SFIK 
25^ ^Dfl« M'JPF 10 6.h -Y^HF L5 S*". Mf'.'RAaLF t HY» hHAT 
264 C By* nHAT T* Srt)>^f 'iUT OTiiFRj Xi] MAKE SUCH AS* 
?t»* V WQi*Sr TO "F tt'^nOIINO. . C HUK* HNLV IN OfSTr^nYINC 
276 ^TciVlNt;, THOUCiH TKriHAPS P NTT* LOttT.FR THAN Sl'jr.r 
2*>* TWE;|q» FARlMY CHAP^.F*.. '"^F* FHf SF THF VlO»LA*i*,f 
2*?7 Sf «A^Y Ff:LOS t, rO* HfUF , ANO Tr<f Pftfi^ fi't^^ 
296 Mfi'-K !NT|-NI I*- bRlNG. POUi OFSCtKT- niAT 

Tm» tuFLONG HACK UN ITSFL^ utvJHLSt. & LtT* IT,. 

309 Ectt sar, sr; it •light well ai»^n, c SfNcr* ht-.h^r 

323 *,OPPr)RTUNI Tfl All ATTFWPIS, f HEP* HUSrA'.iA, ? > 

324 PUNO, M)T NIGH, S WHOSF* MI' H^O INTMlFrmAl »»''P*^ 
"i'a ^ f';E» NOT iNKIHMlDA^lf , J )»t -^Pl R'"l»< i»OU^ "•, ' 
^?*» HFLL* nfBAS'i:, AND PAIN » « N''"fBL*0* ^'f^ , T" /I'rtt 
314 €♦ WCLL-fEIG^^'D, C IKE* *.AY WHUH TO MfW »UiN M^W 
^3» 'N* OF MILDNESS, WITH DISDAIN, C OI'.PLrAI^'n* mAT 
3/9 HiT !♦ APPROACH THEE THUS, AND GAZE C IM«.ATIM( », 
^*}^ C ri^MANO'ST, AND MItHT THOU SH'MJIDST 6F • O. . K 
3«>'> ^rrlHrKT, HIOH.. t TILL* ON A UAY flOVIN. THh r-l L'-, 
362 UIT TF FAUM ST COLOURS MIXT, t HUODY* ANli G' L'^*.. 
36ft T \kW> THf rn PLAY, « TO* SATISFY THf SHA*'0 OUrfJL 
36<> P DESIRE I* MAO t OF • TASTING THOSE FAia APPLf-S*-, 
373 iJM, URG'D HE KEEN. C ABOUT* THE "CSSY* TRUNK* 
3?0 H TFNPTIN<> Sv> NlGHr-TO PLitCK *M0 FAT HV FILI f. 
>H1 TILL THAT H*" J- t AT* FEED* 0« POUHTAIN* NEVf.R HAri 
3*!^ • NFVfcP HAl' M t PIWO. C SATEO* AT l^Nt^fH, f -H' NI. 
387 G Tfl&l4CtFoftTH* TO SPECULAF |Cf4S • 0*4 OFr P 11 
3*»2 Cfc», AND IN THY eFAUTY»S» HFAV'NI Y FAY* K UMTfr* 
401 »1YRRH* ANO «ALH->,. If THOU ACCFPT t MV • CONOJCT, 
406 I SDOH-<;WIN^i* PLANT*, fi HOTHFP* OF SriFNCF*, MfJW* 
4 16 S THEY KNOW. £ THAT* YE SHUULO RC AS GJ^S*, SINCE 
A39 £ iNTFRfML* HAN*, IS 3UT PKCPOPTJCN **tr.T , t 
446 C ON* GUff i^ELEhf, THAT ALL FROM THE** P«(Kf^FDS,« & 
446 PROCEEDS,. f. I* QUcSTlOU IT, FOR 1H» S FA(M 1AP.TH* 
4'>l \QW HAVt GIV'N TO 8£ THE RACF* C HF* SATi%« ( c< t» 
A*s^ riNFHT* 5 MF* -ft';Y THWOUW+F APF . THFIi»-fn"tA ^mUP 
<»f? Y'lUO T4PA>L, AN<^ LASTLY KILL. t HV* ^iHSltt*:' • 
^t^7 C FOP* IN POSS> .SIN, SUCH, N'JT ONL V • ^: 
4<;s PFRIL &MEAI ACHIEVM>. LWHG* «^Hr TO lU L wi>AT 

IS PAV'D L rO< tXPcOITF YOUR nLORIOU^* »<A*t-,. «UT 

50S S iJPaOAR C PKOTRiT Pf** FAT»=* SUPREME,. r'«fN!» 



HU»r .<ALK PxlU».D 6 THIS* GARDEN*, AND NO Cf«R»«c« I 
^JAY «FEr f SOHP* WA\D»«ING SPIRIT* O'^ HfAV»N*.» « 
«»ErURN, t SM'm» PIJ^ASUPFS* FOR LONG HOES A«F Tr 
MUST CiWT*^*-'!,... <i ^PST* WTH tHF EFST, THF «*'*t'» 
n T^'pr,, T«<IS '.:'!r5TI0N ASKF F. PUT^* M'- jv 

vnuGHf,. f Tf!e rnn reason,, who kn'?w»'.t 

l»-SS PNOU»<*-, SHRINK fftOH-FAIN, € I*J SIH. T J «ir,* A 

STHOO THY* pI^pCEST* WMFH IN RATTlh* TO f^V Al 
THlf'f^i'ki, (• ftLONF FfRST UNOERTtJfWC C 70^ Wl\'^ T 
Al'lNP URSr VS'^tsTOOK € T'^* UIN« T*tF 0€SfM.*1t 
AM THr fAPFIVf TAL« OF CHAINS, t PRCUO* ltH»T*vv 
HAVV »*ALK1 f^rf inuND t IF* I* Cf ULO JOY I'.' A»J( H 
C'.VJLO J»»v tN *';i>HT, SWEFT lNT6<\CHANGt K '^»^* HUI 
IN NPHF .IF TMCSE E FIND* PLACE OR REFUGC,. ANT T 
Sf.F f, PLEASURES* ABOUT ME, SO MUCH MPRf I* fF't 
FFEL C Tf-PMPN'* WiTMmMfv-AS fPHM THF H<»rFfM» f 

, Mr| fi-iQ iM H^AV'N* C TO* OWEll, UNlFS«i HY M.Ttiu 
St'K, -ifjT :«THFRS TO MAKE SUCH I AS* P, T nt - h t 

T IWOUGH TMipr.fw WORSE TO MF REDOUND.. h >hra iii^ 
PIND f A';! r in* hy RELENTLESS THOUGHTS,. ANO HT> 
IN ONJ ^ IfHT* FOPtn c FRtlH* SFRVITUOE TN^-l nr t^llJ*^ 
pw. An, ,^Ktr. rn n-j'-^*-, THUS HRApT in msT f op» •*! 

(' . f: ■■'^ f >uL ocsfF.Mr- THAr t* «H'; •^•■^r rn-r 
nM' "ST ccriTftMEO L GOns^ S{T iMf MjrH 

MrCK NOI, so n "LIGHT hUL Al»*»p, f. SlNr,* hICH 
FALL SHOPT, TM HI** WHH N^HT C PRnVOKF^S* -V i"*"»»Y, 
VIIW fAf l^'»UNt1, Nr»T NIGH, L WHOSE* HI r* T«-l.{. 

SH«JM, ^►'O* SrPFNGTH, f^F CnUflAF*^ HAir.HTYt AW* 0 

NOT,. M MAT" H« LI • or^iAS^n, *>:d »mt-- f. ENF 

•.A' J'f Mr\¥»N*. C S«F':* ' A I P , If V J Vf I Y IA(", ^ff 

Tt-NUH 

APfiitiftCH THpf THUS, ANU GA^F fNSATI *, !• TH 
THUS *■^\fiCX'9 Nru MAVF FFAP»0 I TMY* Ai-MM U'Ol, 
^AS *T FIPsT A', 'jTHFR «^FA«;TS* THA^ C*t\ft, f, r^t* 

»:H\Nc*n t A» ap'^DLY T^^^e* tap ni*r/vNi ri fi.4'ii 
'H*^Ap>P tJHfw ir ^A^F,. r, »n'Hi n r» < #* TH^ noi h r * 
riAO c or« rftsriN'*. thO' " FAI" applfs*, r* *-f-^ nv* 

RETIV^U r, NOT* T-i nSFfv^,. HIJUGF" ANO TMtiSr • T 
WOUND ""P SUON, t FOR HIGH FPOM GPOUNO T«r r'-ft^t-.j 
SPAfl'n MIT, FPU SUCH PLP^SU«F T fl I TH*T HOU" ' • 
HKNt). t SiTfO* ftT IF*'^;th, t4<» trNG I* •'I'HT pi < r 
Mlf HT iTuflMVF ^ STP&Nr.f* AlTj JiATHlN 1^ »'F , I '! 
HjHN«ri MY THQUf-HTS, AND WJTH CAPACIOUS H|«.|> f rr. 
f.FHf.fJ,. ND fAIR TO TMINt C FQUIVALFVr* if? SC 
LAN HUI NO TH^^E THlTHFO SOPN.)! 

FEFL TWY PnwCP* ' »*|THIN* mF CLEAR, N^'T PNlv Tn 
AS '^AN, f\rrPNSI* MAN*, IS «^UT P POPDK T r . Ml |- T 

'If MOUTC HU>*«V, f^y- HF HUMAN CtlDS*. f. VC< Y- <.H4 
OUESTIliN M, Kno This PARI EARTH* 1* St»-, I «A«iM 
SEE, C HARM'O* *iY THE SUN* t PBOOUC IN:'. FVfoV r X^i'J 
GLCIRY FN THE NAME € ANTAGONIST* OF «rAV**<«S* AIM 
? Ot^S'^FNO* THROUGH OAWKNpeS,* P-*» YfHW ^r^/^nm WITH 
^l-Nf} Y ' , t^O Ci'FrVTv* f "1. • V f p ; tfn T« nV IV IH,*" f] 
t Ml Yi AND n'/ARS' Y' MO, pi-TURN'O C S JfCS^FlI 

Hl^f n»^H^•, WHA? S!.»F-FFfc • l», V»|l«^ WHAT PAIS c Vl'iVA '. 

& r !l 'O* H.n '^Y iJNC'UTH PASSAGE, FilPC^T Tt u T ^F 
rOJNl) F THf* s>I*< rPf-ATFt) WOPLO*, WHICH FA^'F 
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